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'fHE PRACTICAL PREVENTION OF TYPHUS FEVER 
RELAPSING FEVER IN. MESOPOTAMIA, DURING 
WAR. 

By MELVILLE D. MACKENZIE, M.D.(LoND.), D.T.M: & H. (CAMB). 

Assistant Port lYfedical Officer; Liverpool. 
Late Temporary Captain, Royal Ar~y Medical Corps. 

ANI> 
THE· 

Officer Command~ng 29th Sanita,ry Sectwn, Me8opotamian Expeditionary Force. 
\, 

(Concluded from p. 61.) 

A list of the' kit of a British rank and a Sepoy with the shrinkage 
that occurred is given in Tables II and Ill, the measurements being,taken 
along the seams. It will be noticed that though the amount of shrinkage 
is very small after the first immersion, "it is negligible after a, second 
immersion, should a corps require a second disinfe6tion. In this connexion 
it should be remembered that in the manufacture of khaki cloth and army 
blankets, one of the processes is "shririking" in which the cloth is 
immersed in .boiling water for four and a half hours. We m'ay assume, 
therefore, that the shrinkage that occurs by this method is unimportant, 
even in pure woollen clothing, whilst the large amount of cotton in the khaki 

, \ 

TABLE n. 
First immersion for one minute and a'half :~ 

Socks, woolleri-
1 
2 

Shirt khaki (inferior flannel)-
Length, back .. 
Sleeve, right, inside seam 

left, 
. Trousers, serge khaki-
• Waist, outside eire. 

Left leg, outside seams 
" " inside 

Right leg, inside 
" outside " 

. Underpants, flannel, white
Waist, outside eire. .. ' 
,Right leg, outside seam 
,Left "inside " 

British warm, rough cloth, khaki- , 
Back seam, outside .. ' 
Left sleeve, outside seam 

inside 
Right:: outside, 

, ," " inside 
Blanket "cloth, smooth

, Breadth 
Length 

, .. ' 

Original 
measurement 

1 ft. 8 in. 

1 " 8~ 

2 .. 11 
" 

1- " 6rr 
1 " 6~ " 
:3 .. 3a .. " 
3 " 3~ -.. 
2 .. 2i 
2 '" 

1;1 
4 .-

3 " 
2;). 

4 " 

3 " 3 

1 " 1O~ 

1 " 1~ " 
3" llrr " 
2 " 0 

1 " 7~ 
1 ." 11;1 

1 '" 7 

5 " 3ol: " 
7 " .!)~ 

1\Ieasurement after 
imme1 sion for one 

minute in boiling water 

1 ft. 8 in. 

1" 8 " 

2 ,,11 " 
1" 6~ 
2" 6~" 

3 " 3 

3 " 2 

~ " 2~ 
2 " Ii 
3 " 2 

3" 1~ 
1 " 10 
1" 1 

" '" 

" 

" 
" 

3 ,,'Un- " 
1 " lO!t ," 
1" 7i '.' 
1 ,,' 11;1' " 
1" 7 

5"'.31,, 
7" 8~" 

',' 
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128 Prevention of Typhus and Relapsina Fever in Mesopotamia 

TABLE Ill. 

On 0. second immersion for one minute in boiling water, the following ,articles showed a. 
shrinkage or expansion as follows;- , ' ," 

Towel • • Length - ~ in. 
, ' Breadth, -~ " 

British warm. . Back seam.., " . 
Left arm, outside seam 

" " inside " 
Right arm, outside seam 

" " ins,ide' " 
Underpants Left leg, inside 

Right leg, outside .: 

Shirt •• 

Socks-I 
" -2 

Jersey 

Trousers 

Blanket 

Waist, outside circ ..• 
Right arm, inside 

. Left ,,' " 
Length of back 
Length 

Limgth of back 
Sleeve, one 

" two 
. . Right leg, outside .. 

" " inside 
Left " outside .. 

" "inside .. 
Waist circumference 
Length 
Breadth 
+ denotes expansion: 

- i,-, 
- same 

, +! in. 
- ! " 
+t" 

c Same 

Same 
- ~in. 
-£ " Same 

" + ~ in. 
+ I~ " 
+ It " 

.. , Same 

" 

- Ifin. 
Same 
+ tin. 
Same 
- 3 in. 
- 2~ " - denotes shrinkage. 

cloth of the troops, and the cotton and sacking of the coolies, who were, chiefly 
affected by the disease, rendered the objection negligiblf). The texture of 
the blankets arid khaki cloth was carefully examined before arid after and· 
was unaltered. No difficulty is practi~ally found in mai~taining, the water 
at a vigorous boil, if the boiling vats are, mounted as described below. 
I adopted an oil cooker for the purpose (shown in fig. 2), It was found 
that if the oil was mixed in the flue with water a very much greater hea.t 
was obtained than if. pure oil was used, the water serving to bre~k up the 
oil and allowing it thereby to bur:n more rapidly. As is shown in the plan, 
the oil and water were mounte4 separately in kerosene tins with channels 
leading' on to a small 'sheeto£ metal and controlled by taps. Three, 
ordinary iron baths are mounte:4 in a ·row on sun-dried ,bricks, made 
by the unit, over the oil flame as shown in the plan. This was often 
modified by the substitution of a disused 'water tank, half a river buoy, or 
other available metal ,utensil. When oil was not available a long trench, 
fire of wood was used., No difficulty' was expen'enced in maintaining 
the water at the boil. It might be rpentioned that, by the cOllibination 
of wate:t; and oil, some oil' fires were sufficiently hot to turn metal -to a 
white -heat. All that is required.is two kerosene tins, two channels and 
taps, a metal funnel, and a supply of sun"dried bricks or stones. 

-,With reference to the drytng, the average length of time for drying for 
various garments, !lS found in practice, is given in 'l'able IV. Thus it 
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Melville D:- Mackenzie 129 

TABL-E IV.-ARTICLES WITH RESPECTIVE TIMES FOR DRYING IN WARM SUNsiuNE A~m 
. FRESH WIND. 

. .U nderpants 
Trousers _ 
'Socks •. J . 

Jersey .. 
Shirt .. 
Blanket cloth 
British warm .. 
Blanket, woollen 
T9wel •• 

Hr. Min. 
2 40 
2 50 
2 35 
5 20. 
2; -
'2' 25 
535 
1 50 

. 1 45 

will be seen that on a day of medium temperature and wind a man's 
blankets were dry in less than' one and a half hours after immersion and 
his whole. kit, including his British warm, five to six hours after immersion. 
This is in the case of the heaviest woollen winter kit of the British rank~ 
The . enormous majority of kit from natives, coolies, and Indian soldiers 

01C 

\ 
HALf'· ELEVATION HALl' &E.C.TION 

1_11 1.1 I I 

08 
HALF" PLAN A.T fWE. L.E.'lE.l 

FIG. 2,-Boiling vats (for: disinfection ~f clothes) supplied to all units in Mllgil',;\.rea, u~its. ~n 
the Euphrates Defences, etc. First used at Base Isolation Hospital, Mesopotamia. : __ 

,. . . -
either was cotton or contained even when woollen, such a large percentage 

. of cotton as to dry very readily, and it was amongst these particularly that 
lice-borne disease occurred. In one or two cases, when an urgent outbreak 
demanded immediate .delousing on a wet day, a series of E.P.'tents 
were run up in a line and connected (ogether. A large number of charcoal 
braziers made ft'om kerosene tins, by puncturing holes in the sides,'were 

. placed in holes in the. ground inside the tents, with a bamboo fire-guard 
round each, and the clothes, disinfected as above, were dried on ropes 
stretched across the tents.. This proved' very satisfactory in praCtice. 

9 
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130 Prevention of Typhus and R~lapsing Fever in Mesopotamia 

A barbed 'wire maze is first erected temporarily as shown in the plan 
(fig. 1) con'sisting of a parade ground A, a boiling area B, a lane C, a: 
sna ving and bathing area D, and a' parade ground E. In the area B a 
double oil heater was erected, heating' six ~baths of, water, in area D 
were ten baths of M;ajor Christopher's cresol-paraffin-soap emulsion 
(1 in 30).1 ' 

, The unit or native community enters the parade ground A and falls in 
with kit and blankets, the gates into A being then ,closed and a guard 
stationed. A serjeant goes through the camp Or huts to see that no 
clothing is left behind and to collect all stragglers. Each man strips 
and takes his kit, tied together and marked' with his identity disk, over one 
arm, and his blankets over the other and passe,s out (in a group of tweQ.ty
five) along the l~ne C. As he passes down the lane he ,drops his blankets 
into one vat 'and his kit into another. He himself goes' forward to the 
shaving and bathing area D. Each kit is allowed to remain in the boiling 
water for two minutes and is then pitch-forked from the boiling water on 
to sheets of reed matting in the area E. When caste allows, the ll!en are 
clipped. Each man bathes for three minutes in' a 1 in 30 solution of 
Major Chris'topher's emulsion, a British non-commissioned officer standing 
by the baths to see that every man applies ,the solution thoroughly to 
every part of his body. The men then get out of the baths and are served 
outwith two dry blankets (sterilized the day before) and proceed to the area 
E, when they pick up their kit from the reed-mats and are allowed to pro
ceed back to camp. Each man dries his kit himself in camp. During the 
prevalence cif relapsing fever and typhus; as many as ] 0,000 to ] 2,000 men 
were dealt jvith on a Sunday in various units, in one sanitary area, and no 
difficulty was 'experienced (up to 2,000 per day being done in certain 
camps).' , 

The whole apparatus could be readily mobilized. ,'+'wo oxen transport 
carts or a single light motor lorry sufficed to convey the barbed wire~ 
iron pins, baths and cresol solution. Thus Cine had a complete mobile 
disinfecting unit which ,could readily accompany troops on the march or 
visit outlying villages or posts. A commanding officer could move readily 
and be accolllpanied by an efficient disinfecting unit, which the men of 
his own unit could use, and whiqh, when so -used, under the supervision 
of a single officer, could be relied upon to absolutely delouse a typhus' 
infected unit. 

, Formula for keros.8ne emiIlsionis as follows :-. 
Sunlight soap 
Water .. 
Cresol .. 
Kerosene oil 

8 half cakes = 40 oz. 
1 galion' 

1 " 
4 gallons 

l'.G up the soap in slices and dissolve' by boiling in the water. Add to the cresol and stir 
till mixed; ·then add the oil and stir again. The whole readily mixes to form a dark fluid 
which can be kept bottled, ,. , ' . 

1, 
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Melville D. Mackenzie, 131 

Material fpr mobile disinfecting unit by boiling water estima.ted for .. 
battalion :- ' , 

Zinc iI:on ba.t.hs 
Oil Cookers .. 
Chimneys ., 

,Barbed wire .. 
Wire pegs. 

. Kerosene tins .. 
Kerosene SOH.P emulsion. 

\ Reed mats. 
Ha.ir clippers. 
Oil or wood-fuel. 

B 
~ , 
1 

aoo yards' 

6 

Ta.ble I gives the list o( requirements for ~ large area compnslllg " I , 

, a ' population of1S,000 in addition to civilians and including nineteen 
units , It will be noted that there is no handling of infected. clothing 
by the personnel engaged in disinfecting, the idt ,being dropped by the 

, owner into the boiling water and being lifted out' by a wooden stick or fork. 
A different vat ca.n be used for each caste, S9 obviating other possible 
difficulties, ' 

(B) T,'oops on the Line of Comr'",,,i<;ation.-For the disinfection of 
' troops stationed on .. railway, the most efficient and economical method is 
the use of Bt~am, released under pressure, amongst the kit and' clothing, 

The first attempt with this method in Mesopotamia was made with a 
vertical boiler which was mounted on a railway truck and which passed 
steam into It smali van behind" The bQiler.pressure stood at 100 lb. to 
the square inch- when the experiment commenced, but rapidly fell as sho\V.n 
in Table V. . 

It became' necessary, therefore, to use a boiler in'which steam could be , -
generated more rapidly, that is a " high pressure mait;ltained in the boiler 
for half an hour, with steam passing 'into the vans. 

A locomotive (Norvi Railwa.y, No: 16), with two large closed metit! 
vans, constituted tliedisinfecting unit. The engine was coupled by copper 
steam pipes, fitted with' taps, to both vans, and so arranged tbat eacb van 

, , could be used independently, The van doors, etc., were fitted ' with _ fl~t 
rubller so as to ensure close· fitting (see below), and shelves for kit were ' 
arranged to allow for free circulation of steam round the kits. 

,Both vans were filled with kits, one completely, the other partially, 
and a series of experiments. undertaken to detennine the efficiency of tbe 
method, As. sbown in Tables V and VI, lice-eggs, fleas, and bacteria 
in ten ,folds of blanket were. destroyed a.fter twenty minutes steaming. Tbe 
steani pres,sure, useful as representing the amount of steam entering the 
van, is ,shown in minute intervals during the experiment. -It will be noted 
that an average of 120 lb.' to the square inch in ' the -boiler is maintained 
during the time that steam was entering the van. These figures should be 
contraste,d with the figures given for the stationary boiler,' it being remem

,bered that, whilst no attempt was made to maintain a high steam pressure 
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132 P1'evention of Typhus and Relapsing Fever in Mes?potamia 

TABLE V.-'---RESULTS 

Van No. 1 .. 
Potatoes 
Hens' eggs 
Lice (live) 

Eggs 2 folds 
4 
6 " 
8 

10 " 
. Va~ No. 2 .. 

Potatoes 

Eggs 

Lice eggs 

Controls 

.0' , 

OF ORIGINAL EXPERIMENTS FOR EFFIC'IENCY OF LoOOHOTIVE 
VAN DISINFECTOR. 

oontaining 379 blankets. 
2, 4, 6, 8, 10 folds 
8-12 

" 6 
8 

containipg 250 blankets 

Folds 2 t . 4 . 
6 cooked 
a 

10 
B -h~rd boiled 

12 

20 minutes 
-cooked. 

. ha.rd boiled 
killed} Control 

" 1 

" I 
Conl,"l 

2 . 

" Control 3· 

2 killed} i -. Contr?l 4 

C 1 Lived 
C 2 Hatched out 
C 3 " 
C 4: " 

Cholera., typhoid, eoli ba.cilli in 8 folds blanket 
Killed 
Controls lived 

. Fleas in 10 folds blanket Killed 
Controls lived 

TABLE VI.-STEAM PRESSURES TAKEN EvERY MINUTE DURING THE ORIGINAL EXPERIhIENTS 
. WI'rH THF. LOCOMOTIVE DrSINFECTOR IN MESOPOTAMIA. STEAM PRESSURES, 0 PER 

• SQUARE INCH. TAKE:OO AT BOILER OF ENf.HNE. 

Comme1wed 10.33 a.m. , 
t ! a..m. Deg. lb. SIl. in. lI"ffi. Deg. lb. sq. in. 

-------------------- ------ -------- -----_.-
10.33 115 

" 
10.49 115 i 

S4 115 50 , 95 \ 
35 115 I 51 95 

! I 36 115 

I 
52 95 

31 115 53 100 
38 115 M 105 

- 39 115 65 105 
40 115 56 105 '1'-'·'·'· l Steam injector 
41 11.5 _ f opened 51 105 1 opened . 
42 115 58 110 
43 U5 59 115 I 4t 115 I 60, 118 
45 116 

J 
(Ua,m.) 

I 
, 

46 115 ·11.1 .120 
47 115 2 110 
48 115 3 115 I) . 

St!3am I;'ressure durma Expenments w~th Ot"l{1Mtal Type of BMl6r. 
Stea.m was admitted into the van at 100 lb. pressure f.rom ~he boiler. 
'The pressure d-ecreased' as under:-
From 100 lb. to 60 lb. during the nri'lt five minutes. It then fell 5 lb. every five mintlws 

with the steam cock half openun~il it reached W lb. 
. After twenty· eight minut.es.from the commencement of the test v{hen temperature ,!a.s still 
st~nding at 40 lb. per square inch, the stea.m cock wa.s apea full, the pressure· then fell to 88 lb. 
in the last two minutes. ' '. 

It was very difficult to keep steam in the"boiler as the blower ha.d to bein continua.l use, and 
with thc steam entering the van the boiler could not generate steam sufficiently rapidly to meet 
the requirements. . > . • • . .' '. • 

Tbeboiler used was a.4 horse power boiler with a. pressure of 100 lb, to the sq~l1re inoh. 
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Melville D.' Mack~#e 

TABLE VU. 
Briiisb warm new: 1..

Eroeoh seam .. 
Batliorn 
Left inside seam 

" outside seam 
RigM f;lleeve, inside, 

,. outside 

British warm new: 2-
Breech seam .. 
Bottom 
Left inside 8e&m 

., outside sea.m_ 
Right inside seam 

" outside sea.m 

", 

Coa.rs~ Ha.rden pyja.ma. trousers- . 
. Right inside . 

. _ .. " outside 
Left iuside 

" outside 
Top 

Oo~nc Harden pyjame. trousers~ 
Len outside : . 

., inside .. 
Right o.uteidc 

inside ... 
T~p ,," 

Woollen footba.ll jersey
Left inside .. 
Right" 

" . sleeve middle .. 

., 

Left.. " .. ~. 
Internal circumfer!3uce. bot~om 

White fisnoel undervest: short sleeves
Length bs.ck seam 
Bottom 

Woollen and cotton undervest
Back seam .. 
Bottom 

~ Left sleeve sea.m 
Ri,Q;ht.. .. 

White flllooD61 uodcrpa.ots
Rigbt.outside seam 

" inside seem 
Left outside seam 

.. inside seam 
Top outside Beam 

Fla.nnelette underpa.nts
Right outside 

" inside 
Left outside 

" inside .. 
Top 

Woollen eardiga.n jacket-
Bottom . 
Left arm 
Right o.rlD:: 

Comforter, woolleD~ 
. Length - ... 

Width 

iD. 3 It 4; 
5 u 9; IJ 

1" 6~ " 1 lOt" 
1 lOt· 'I 

1 5~ 

8. 
S 
1 

1 " 
1 
1 

7 
6 
6 

l~i 
11 

4\ 
2j 

" 

.. ., 
2 .. 
8 .. 
2 .. 
3 .. 
3 

U ,. 
a! " 

S" Si 
S 1\ 
3" 9 
2 1 
3. , 2;1 

1" 8 • . " 
1' " . 9J: " 
1 11. 
I" . Ui " . 
s.. 5i 

,, 2 " ·6 
4. H 5 

91 
8: 

S " 
2 .. 

·8 J1 

2 " 
2 

s" S 
2 . 6t 
2. " 11 
2." 7& 

.. .. 

.. 
" 

" .. 
" 
" S Si . .. 

4., 0 .... ' " 
1 " 101 
1 I. 10 

.. 
" 

" 
" 

.. ' 

., 

a ft. 4· in. 
a" 2; 
1;, 5:t " 
1 It 10 
1· t, 10 
1"51,, 

3 " 
5 

5i I> 3, 
1 
1 
1 

5t " 
10. 5. 

1. 1·1 

2 " _ 3 
S ,, ' 2. 
~" 2 
3 " 11 
3" 3 

3 
2 
3 
2 
S 

1 •• 
1 " 
1 
1 
·3 tt 

Sl 1. 
3 
1 
2 

B 
8 

10 

'~ 
2" 4 
4 " . 2 

3 ·If 

2· ... 

3 " 
2 .. 
2 

.. 

" 

." 

3" 3 ,~ 
~2,,5t .. 

2. "lot " 
2 7 
3 .. 2~ 

3 B 
.1... B 
1" 8 

" 

2.', 8J: '" 
10. 

133 
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134 Preventwn ojTyphus and Relapsing Fever in Mesopotamia 

in the :Van, the steam pressure, as shown' rnthe ,gauge, varies dir,ectly with 
the rapidity with which steam is being generated when the tap to the van' 
is open, that is, represents the quantity of, steam entering the, van, It is 
the rapidity with which a locomotive 'boiler can g~nerate steam thatinakes 
this type, of boiler valuable for disinfection work., The figures turther 
show that the use of the steam injector during the experiment should be 
forbidden, owing to the consequent fall in boiler-pressure, A further s~ries 

, of experiments were done' in order to ,determine the effect of steam on the 
shrinkage and texture of clothes, The results are shown in Table VII. 

During the practical sec'tion of the experiment (at Ur junction), the 
capacity of the machine for dealing with numbers was tested, lice-eggs 
being'inserted at intervals during the process, to test, the efficiency. 'In 
fi.e hours 1,063 kits ana'2,150 blankets were passed through the disinfector, 
each article remaining in the van for thirty' minutes.-

. . , • I 

Each van was used alternately in order to waste no time of the per-
, ,sonne!. The times for loading and unloading and 'the actual times for 

opening and shutting of the vans is given in' Table VIII. 

TABLE VIII.-AcTuAL TU,IES TAKEN -FOR THE LOADING, DISINFECTION AND UNLOADING OF 
THE.VANS. 

Van 1.-

Loaded, 10 a..m. to 10.15 a.m. ..} 100 kits in It bours 
Disinfecting, 10.15 a..m. to 10.45 a,m... .. _ . 
Waitin~ until van wa.s 0001 enough to enter, 10.45 a~in. to ~1 a.m, .}" 200 bla.nket"s 
. Unloa.dlllg, 11 a.,m. to 11.5. a.,m. . . .. . . . . " 
Kits drying.a.nd issued to men, 11.D a..m.,to 11.30 a.-m. 

Van 2.-
Loaded, 1O.lD'!Io,m. to 10.36·a.m. 
Disinfeoting, 10.3.5 a.m. to 11.5 a,m. 
Wa.iting van to cool, 11.5 a,m. to 11.~6 a.m. 

.. , 
Vnloading, drying ~nd issuing to men, 11.16 a.m. to 11.30 a.m,. 

100 kits 
2~0 bla.nket! in l:i hours· 

Blankets were found to he dry fifteen minutes after the van was opened. 
The outside of the bundles of kit was compl"tely dry in the same tim'e. 
The insi,de was very hot, and dried within a few minutes ofth~ bundles 

, being opened. , , " " 
In the event of the engine running continuously day and night, one day 

in every six is required for oiling and overhauling. If,the engine is used for 
shorter hours the necessary overhauling can he done at the end of each day. 

No difficulty was experienced with regard to caste-the clothing heing 
" 'paGked separately on different shelves in the van. '--; 

The first step in the delousing of a, nnit is the complete disinfection of 
personnel working, the train, in order to prevent the re-infection of the 
clothes during handling. This, together with the disinfection of 200 
blankets' (the use of which will be shown later) and the necessary' 
preparation of baths, steam ,pressure, ete., is easily, completed in an hour. 
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Melville D. Mackenzie 135 

The personnel then. put on a complete overall covering!er their pro
tection against typhus-infected lice. This precaution is most important 
but is one often neglected in typhus fighting. Practically we found that 

.lice readily passed through tightly rolled puttees, down the folds, whilst 
the ordinary uniform offers an ea~y means of infection by lice. To protect 

D 

! 
I 
i 

00000·00000000000 
~TG.AI'\ 'I'I'~ ,5 ~6' 1'.ATt<.5 C 

. I i1 
I'> I A Q 

i""--'-"'-'-'-'-'-'-'-'-l 

i . I 

,..-,._ .... _._._._s,, __ . __ ... _. _. __ ._. __ ._~ 

I , . 

'I' 'I -I -I 'I" -I '1° -I 'I~· H"II'" ..... . 

, FIG, 3.-Arrangement of barbed wire enclosures for use with di~iufecting tra.in. 'First uaed 
at Ur, ,Mesopotamia.. 

the body of the personnel, garments were made from sheets, with a cowl to 
cover the head completely and -tying under ·the. chin, with closely fitting 
wrists, fastening down the back with a large overlapping piece, and with 
trousers attached so as to form one complete garment. The whole garment 
was so made that a short length of closely placed buttons down the back 
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136 Prevention.of Typhus and Relap~ing Fever in Mesopotamia 

sufficea to completely enclose the wearer, the, man stepping into the 
garment; the trousers were made complete with feet, Gum ,boots were 
then put' on, tbe interval between the leg being. packed with cotton wool 
soaked in paraffin or naphthalene, Thick rubber or leather gloves were 
finally put on 'and pulled well up over the wrists. No case of eithe~ typhus 
or relapsing fever occurred in the personnel of the train, when so guarded, 
throughout the tinie I nsed the train. 

'I'wo large areas, A and D, were staked off on eitber side of tbe railway 
line and a good barbed wire fence run up. Twenty iron baths, C, were 
filled with 1 in 30 Christopher's solution. The train partially separated 
the area~ A and D, the division being completed by barbed wire (see fig. 3). 

TABLE IX.-STAFF AND EQUIPMENT PF No. 1 DISINFECTING TSAIN, :\IESOPOTAMiAN 
EXPEDI1'IONARY FORCE. 

Van 1.--

Ba.ths, 12; reed matting; kerosene" soap; emulsion, 60 g!Ulons; firewood, 4 cwt.; kero
sene tins, 12; barbed ,wire, 300 yards; spa.des, 2; burp.t bricks, 200; inoinerator 
bars, 24; hair clippers, pairs, 2. 

Van 2.-
Kit of B.O. a.nd B.O.R.s, 3. 

Van 3',-
Sweepers, 6 with 6diys' rations ;]oDd kit. 
Carriage, 3 San~tary B.O.Rg with 6 days' ra.tions. 
Ca.rriage, B.O. (Sanitary Officer) with rations and kit. -.. 
Brake-van, Indian Sep~y Guard of N.C~O. and 8 :nen. 

-Extract from Section Orders, 29th Sa.nitary Section. 
Ordee No. 54. 

The nnit to be disinfected fen in by platoons or, in the case of natives, 
under their head men, with their blankets and kits tied in separate bundles, 
each man's identification disk being fastened to his kit. A serjeant was 
then sent round the camp or huts, for clothing left behind and ,for stragglers, 
and a guard placed. on the entrance to A. Each platoon or group of twenty 
went up to the train successively and dumped their kit outside the van, on 
the reed mat, B. The group then proceeded to tbe baths where under the 
supervision of a British sanitary non-commissioned officer they bathed 
themselves completely with the emnlsion for threelllinutes, and then passed 
through tbe barbed wire gate in front of the engine to D, where two 
blankets (from those previously 'disinfected) were issued to each man, in 
which he wrapped himself until his kit was unloaded from the van. As 
each kit was unloaded the number on the identity disk was read out and 
each man received his kit, retaining the two blankets issued to him, his 
own' being kept for the ,neJ<t party and issued to them during tbeirwait. 
The staff and equipment of the train is given fully in Table, IX. Three 
British_ sanitary ranks only are requ.ired-one Don-commisioned officer 
supervises the infected kits in area A, loading the ,vans and turning on the 
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MelviUe D._ ¥ackenzie 137 

steam, a second supervises th'e unloading in areaD' and the issue of clean 
blankets and kit, whilst the third is responsible .for the preparation of t~e 
cresol baths, for their constant change, and for seeing that the men 
efficiently apply the emulsi~n to the whole surface of the body. Each non
commissioned officer has -a staff of Indian assistants.'. The change of the 
baths is effected by having two more baths than are actually in use, two 
baths being changedsucc'essively as each new batch of men arrives. 

For trqops on the line of communication, and therefore probably, 
adjacent to a railway line, this is undoubtedly the most efficient and the 
quickest method for large' numbers. The results can be definitely relied' 
upon, provided a careful watch is kept on the locomotive"steam-pressure 
gauge and on the constant renewal of the strength of the c'r~sol ~mulsion 
jn the baths... . 
, Although my 'work with a, disinfecting van and locomotive was 
completed in.!'lependently of Colonel Hunter (I did not see his papers till I 
rea-ched England), these results amply confirm his high opinion of thEl use -. 
of a locomotive for disinfection, when a railway line is available. 

I would, however, mention some modifications in the use of the loco-
moti ve in' Mesopotamia. ' 

In order to make certain that the steam passed completely through the 
van and did not escape at the doors without, completely penetrating all the 

'bl!ndles, the doors were made steam-tight with flat white rubber. All other 
outlets were closed, except one at the far end of the wagon and on the floor. 
This is important as otherwise it"is impossible tOo be sure that the steam is 
not escaping by a short route (e.g., a door fitting) and disinfecting only a 
section of the wagon. 'Further~ our vans worked alternately, so that the 
loading arid unloading could proceed continuously, orie van being open' 
whilst the oth'er wa~ shut. This served the double purpose,of enabling .us 
to get twice the quantity of steam into each wagon, and as no time of the 
p~rsonnel was wasted we therefore could do twice as many kits in an ~our. 

It appeared that one hour's exposure was unnecessary and that with 
lice-eggs in ten layers of clothing, placed in different parts of the van, no 
hatching occurred after twenty minutes' exposure, thirty minutes allowing 
an absolutely safe margin. Thus working the vans alternately and 
allowing each kit thirty minutes' exposure, 210 kits and 210 blankets 
could be readily disinfected per hour. .. 

It is insufficient to have a-corporal only in charge of the disinfection. 
, If disinfection is to be relied upon a keen sanitary officer with a small guard 

for 'ensuring order and discipline is essential---:otherwise some men escape 
delousing, e.g., cooks, etc. ' , 

The chief point, hqwever, in which I am not in agreemellt with:Colonel 
Hunter, is Ihis statement that the disease will stop if the men are dis- -
infected in ,batches so that the whole unit is disinfected every two or 
three weeks, a fresh batch being disinfected daily. This ,may have been 
satisfactory in the face oCa sweeping epidemic such as that' of Serbia in 

, . 
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'1915, but it appears to me that 
the great value both of the rail
waydisinfector and of dIsinfection 
by boiling, as described above, lies: ' 
III the fact that it enables the 
whole, process to be completed in 

·a day and avoids, a proceeding we' 
fouild most unsatisfactory and 
ineffec~ive i~ tlieprevention ,of 
disease, the delousing of a unit 

. in groups of men. It was my 
experi~nce that in order to stop 
an outbreak in a unit or group of 
units, it was essential to parade 
every single man with his.full kit, 

"send a serjea~t round the camp 
for stray clothing and men, and 
disinfect the whole camp at one 
sitting. I have fbund this stopped 
relapsing" fever at once, in units 
that' were doing the sectional 
delousing every week, and who 
continued to have a weekly crop 
of .ca'ses of lice-borne' disease 
throughout the. winter, until this 
was done. ' 

(0) Troops at'the base.-':"This 
differs from ·the foregoing in that 
a more elaborate'apparatus is pos
sible and that, as the troops a:re 
either proceeding to EnglaIid for 
demobilization, or to some other 
war-area by ship, it is. essential 
that the means of disinfecting 
three to four battalions a day, 
independEmtly _ of the weather, 
should he available. A building 
is therefore necessary. Further, 
as the troops, who have been 
exposed to plague and typhus. 
infection, may be proceeding to 
uninfected war areas, the method 
must pe ab§;olutely efficient. 

, ' The· disinfecting 'station de
signed and equipped is shown in 
fig. 4 as eventually' constructed 
on No. 9 wharf, Basra, and was 
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Melville D.' Mackenzie 139 

the first disinfecting station In Mesopotamia to deal with large n'umbers . 
. of troops. 

The actual disinfecting unit was a locomotive and vans running on a 
rail adjoining the building. Ea9h' unit was disinfected m groups of 150 
under an officer or ncin-commissioned officer of· the unit. 

TABLE X.~ESTIMATE OF PERSONNEL, ETC., FOR DISINF~CTING STATION, MAGIL. 

Estimated Staff for 2,000 lI/en, 2,000 Kits ana, 4,000 Blankets. 
1 B.O. ' '14 sweepers. 
9 B.O.R.'s including a serjeant. . 10 coolies. 
2I.0.R.'s.·. 10 other followers. 

These will be distributed as foHows :-
1 B.O.R. in undressing room. 1 B.O.R .. supervising disinfecting vans. 
2 B.O.R.'s supervising bathing. 

-2 B.O.R.'s issuing clothing in dressing 
1 B.O.R. in charge of tea. . 
1 B.O.R. at exit. 

rooms. . 
(Of all the B.O.R.'s only two need have ha.d sa.nitary training.) 

2 I.O:R. 's issuing blankets. 10 _sweepers to c~rry clean clothing to 
10 coolies to carry· infected clothing to dressing rooms. 

disinfector. 2 bhisties to work at heating arrangements 
4 sweepers to load and unload. for water. 

S bhisties for changing baths. 
Estimated time for 1,000 with kits and 2,000 blankets, 6 hours. 

, 
\ Each group' entered the undressing-room and stripped. _ ~ach man 
tied his clothes, uniform and kit together, and attached his identification 
disk to the bundle which be passed, with his blankets, on ,to ,tbe counter. 
The kits were then loaded into the van by the personnel of the station and. 
whilst steam was being paf;!sed irito the van, the locomotive proceeded 
down. the rails parallel to the station, to the entrance to one of the 
dressing-rooms, where at the end of half an hour the kits we~e unloaded' 
and reissued. The group for qisinfection in the meantime passed through 
the swing doors into the bathroom where each man had three minutes in 
a hot cresol emulsion bath and two minutes under a hot shower (ho~ water 
being piped on from the boiler shown in tbe plan). In the meantime .the 
undressing room was occupied by a fresh batch of 150 men (Group 2). 
The 'first batch (Group·l) then proceeded to the drying room, where each 
man W8,S issl1ed with a pair of pyjamas, a dressing gown and slippers. 
Group 2 now enters the. ba~broom: and Group 3 is in the·undressing.room, 
while Group 1 is in the dressing room where their kits are issu~d' from 
the counter, a cup of hot tea supplied to each man, and their pyja~as, 
dressing gowns and slippers collected and returned by the station personnel " 
to the drying-room. As Group 2 leaves the drying room the mel? pass 
by a' roped-off passage . through the first dressing-room (wbere Group r 
is) 'to the second dressing-room. Each dressing"'room received a batch 
alternately and worked in conjunction with its own disinfecting van out-
side. 'By this means, during the period of demobilization -three to four 
battalions could be passed through the station every twenty-four hours . 

. The only personnel reqUIred was an officer and serjeant in charge, ,,' 
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140 Prevention of Typhus and Re,lapsing-Fever in 'Mesopotamia 

British ranks for the undressing room 1;' each dressing-room ,2, 'bath
room 2,' with an In.dian or coolie staff for the changing 'of the cresol 
emulsion, a cook 1 (for the tea) together with the usual personnel of the 
disinfecting train".-a total-of 9 B.O.R.'s 1,tnd an Indian or coolie labour' 
staff of 30 to 40:mtlD. 'I'he'staff is given in TaHe 10. 

The station was constructed of corrugated irop with a c~ment base 
covered, except in the bathroom, with cocoa-nut matting or duck-boards. . 

Later, thi,s type of station,' with the necessary modifications in the case 
of Indians, Was constructed for Indian troops at No: 1 Indian' Base Depot, 
and for Indian ·followersat No. 5 India..n Base D~pot, each bei~g provided 
with its own disinfectIng train. It waf:\ 'pos!?ible, therefore, for all. types of 
troops for demobilization to be efficiently disinfected, preparatory to 
embarking, at the rate of 3,000 to' 4,000 a day. ,-

To summarize, in combating typhus and relapsing fever in a coun~ry 
in which these diseases are not endemIC, it ·isessential that a method o,f 
louse~destruction inv.ariably fatal to lice-eggs should. be adopted, that it 
should be effective in untrained hands, and that it should enable the whole 
~nit to be completely disinfected in o"ue, day.' The use o{ Thresh machines, 
Serbian barrels, sulphur chl1mbers, insecticides, ironing, etc., as practically 
used, do not -fulfil these conditions. For advanced troops, outlying military 
units and for recently occupied villages the author· has found the use 
of boiling water on an extensive scale, combined with rapid-Iy run up 
barbed wife cages, to be praCtical and absolutely reliable, and 'WOUld urge 
that this is the best method. 'For troops and natives on the lines of co m
munication (i.e., presumably within marching distance of a railway) tlie 
disinfecting train is ·the most satisfactory unit, combining as it· does, 
reliability with speed of work. 

For troops at the base, especially those exposed to poesihle infection by 
plague fleas or typhus lice and· proceeding to uninfected areas, a carefully 
organized and supervised 'disinfecting station is required. The combin-ation 
of a building for bathing and w~iting with a train for .disinfecting will be 
found to be the most reliable method and .one which will deal efficiently 
with the largest number in the shortest time. 

In conclusion I wish to thank LIeutenant-Colonel Morris, RA.M.C., 
and Lieutenant-Colonel F: E. Fremantle, O.B.E., R.A.M.C.; for their 
invaluable assistance and advice, Captain E. H. Harries, R.A.M.C.,'whose 
reliable clini,cal work rendered early preventive measures in units possible, 
and Captain K.B. Mackenzie, M.C., A.RI.B.A., late 7th D.W. W.RR,for 
muc'h ti.m.e spent on the preparation of the photographs, plans, etc . 
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