MENOR N Monrovis, Liberia
July 27, 1955

TO

Dr. J4 s Togba, Dircctor General
Liberian National Health Service

THRQGUGH:  Dr, J, 5, Moorhazad, Public Health alvisor, ICA
FROM ¢ Roy R, Fritz, Kalariolsgist Consultant, ICa

SUBJECT: Evzluztion of ths dalzrin Control Proeran Sponsored by the
Governmznts of Liberiz anli the Unitad States

AUTHORITY: Wequest {or mnlarin contr:l consuliation from the idcting
Dircetor, USOM/Lib:rin and Travel Order Ho. 3.1404, 6/13/55,

4 review of the nzl-ria conirol problem in Liberia was nprepared
during late 1954 following one yesp's opsration of the present presidual
spraying operation (Kchisr, Decambor 1954). Parasitological data did
not clearly indieste the degree of rotuction in the incidence of malaria
generally achicved followinz a yeuar of rssilucl spray operaticons, althoush
entorologiczl data indicat:d a very considerablsz reduction in Znonheline
densities, In view nf thesc facts, 2~ more complete epidemiolozicel
evaluation of the urogran was cinsidercd desirable, The results of this
evaluation {orm the body of this report and takes into consideration the
varisus parasitclogieal, entomclogiczl, operational pospulation asvects
of the problem.

Falaria control in many paris of the world has indicated that follow-
ing a year of resiiual spray operztions, nc me2laria is found in infants

under one year of age ani Plasiodium £2leirzrum infecticns in older

]
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children have been reduced to relatively few, complstely lisappezring
in about 18 nonths, These epidendiolczic2l observations are sunported by

the findinzs of Byles and Young (1951} an:l Jeffery ani Eyles (1954) who
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found that faleinsarum infections pancrally survivel in human host less
than 2 year but that a few were able to survive for as long as 17 months.
although infestions we to Py viwvax :nl P, malarine arc able to survive
longer in the human host, many of them survive only about one year, some
survive o y3ars =nl 2 few survive three, provided re-infections are
prevented. Labe relapses of meloriac have boen reported but these follow
long nariads of l-toney.

Malaria zontr sl operations have been ¢arried on in Monrovis since
1945, but the writcr is not competent to julze the seope, thoroughness
or centinuity of these meisures prior to the present pregram which began
late in 1955. The w»resers program of dieldreen resi'u2l applieation was
begun in Monrovia and has now been extended te villages within an
approximate 30 mile radius of the Conit=l, -itemsts have alss been made
to initiate programs in ctlicr coastal cities,

PaRASITIOLOGICAL .. SPECTS

Due to the absence of reliable mrrbility and mortality statistics,
malariormetric surveys rust b2 relisd upcn t> determine the prevalence of
the disease, Parasitzlezgical exeminztions of blood smears,from children
nine years of zge, have been made prior to initistion of control and at
intervals following initiation, insofar as nossible, Table I shows a
comparison of such rizta from the Bushrcd Islind section which lies
adjacent to Monrovia on the north,

The nercentzze of infected indivi-‘uals fcuni by Young and Johnson
(1949) seems abnormally low when comoared to that found in subsequent
surveys, However, an examination of the date will show that a considera-

ble number of children over the age of nine and of adults, in which

¥
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Table I, Malaria Irnfaction Rates
Bushrod Island, Liberia

_Ter it Infocted
Date and Area No. | Faloiparw nll Sogelos ) Reference
Slided hll APGS \nhs !ul1 AEJFZA
9/L8 Claratowm 201 3L.3 Young, ct al 1949
i
9/53 i1l Towns Q42 652, ¢ 53,1 56,0 Burton, Oct., 1954 2/
9/5h All Toums 1144 1046 3.4 5,3 Burton, Oct, 1954
“"Q r oM H G . g - i
ghiég')S 3 Town: 2:2; 2,3 20. ! 42,0 Ponlu*,g‘"y)gl955

1/ Inclulcs roungsbtors through cn: yanr of =g bub not two years,

2/ Yontity fprftS, Hzlnrfi Conurol activitics, dutional Public Health
Service, rzoublic of Ifderia

2/ Inblu?es callaren np ¢ nine vaars of age except Tor 1948 survey which
includaed older individuals,

—r

infection ratus are gensrally lower nre included, Thz basic figures are not
available to dctermine infoction rates for children wnder nine years in
Claratown. However, for the cntire surver in Liberia, the infection ratecs
in children under nine years of 2gz was 52,8 zs comparcd to the ovorall
infection ratce-of 30.65. It would appear that in the younger age group this
survey is compzrablse to later onss,

The malariometric survey during 1953 has been considered essentially as
base-line {pre-spray) dsta by the present contrcl nersonnel on the basis of

statements in the FY 1952 Annual Report of the Chief, Public Health 3taff,

o

TCi, which calls attcntion to an apparent ineff

activenzss of the malaria
control due to thc reported developmént of resistence to DOT on the part
of Anopheles and for othar reasons. The survey during 1954, although a year
following the pravious survey, was started only five months following the
completion of spraying oneratiosns on the Island. The reduction in infection

rates are not significant. However, if one considers only the children who
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were born sinco spraying began, the infection rate was only 2.4 par cunt
(one, five month old child inCacted, of 41 infants cxamined) comparzd to
45.8 for the same age aroup ir Hhe proviws svevey (Kohler, 1954).

The surveys that have been ~ecempliled to daate Auring 1955 indicate a
further raduction in infacti-m raites even thoush bhey are not as 1ow as might
be expactud afber a your -nd a hlf »f ecolr ) when coservations in obher parts
of the world are cmstiered. That infeehion o7 thu population mensured is
still bheing ace smplizo -2 is avidont by the b boat Lhree (243 per cent) of
the 21 chi‘dren wndor -ne yor of e who wors asamiansd were infacted and by
the maint vonce of 24,5 »eor ont . flceivariun infectinns,

A difzerers situciiosn L5 found when one analyzcs malariomctric dota for

two cther control areas (Taxles II ond ID1

Tahbie 1I. Malaria Infue

Liverian ¥ining Co., Sumi Hi Liveria
Por Cunt hi:amd_
fnlelmrun A Snecics
Dates “N?{ ALl 1 Y Reference
Slides AZ:S Infants= A1l fAges
]
réd Z. ! e T -2./
1/55 Presy»ry 126 54,5 i B0, 72.2 Kshler, Jan. 1955

L/55 3% lisnths 98 30,6 25,
Past-spray

45,9 K-shler, fpr. 1955

7/55 5 Mounths
Pnst-spray Th 12,0 0.0 29.7 Kohler, July 1955

l/ A1l children under me year of aze.

2/ Monthly reports, inlari- Contrcl Activities, Mational Public Health
Service, iepwbiic of L1)“ri:.

2/ Ch:Ll’lr'ﬂn thivuzh nine y3urs of 232

Axcellent control =f melaria arwears 4o have beer aceomplished within
five montns ameng the children of workers »i the ILibzrin Mining Comnzany at

Bomi Hills, approximately 45 miles from Moarovia., The absenee of infections

among infants and the graatly reduced rates among older children and of



-5 -

Table III. Malaria Infcction Rates,
Paynesville, Liberia

Por Cont_nfocha?

X aipmam UL getes
Dates No, 113 ; Reference
Slides B3 gg"_j,__%_'_/L ALl ..zos -
i

155 ¢

2/55 7 Months 63 15.9 27,0 £0,9 Kohler, Fel.
Poey Soveng

*e/

7/55 12 lonths ;
Foct O})Y‘ ) i Z.. ! 1&08 G0 -

1/ . childr.n andor
2/ Montily B2 orts, oz
3/ Only two i:ruts L

i -y e S — T f? - S+ o e T tn o — —— —

58 .0 KE-hler, July '55

faleipara inlicate ar -Leer22 o7 maleria Lrvienwesion, It aiznd be expected
that one or o2 dnfuros beuween the ages »f five and aleven months would
have been founl to be infeeled, The relatively smell sample (19) mey 2ceouat
for nene being fownrl  Four one yenr old childosn were exsmined, two of which
were found harboring malaria parasitcs,

althougt ne pre-sproy survey was mtie at Pyymesville, approximately
seven miles from ifnravisa, satisfactory riductisne in malaria ratss appear
to have Leen acceonplishsd. However, the semples ars too small for pesitive
internrataiion.

Malar.o infection rates for tws areas, Johnsonville and Du Port, which
recently have bheen included in the sprayad aren, ars reslatively satisfactory
considering the period of srotection (Table IV), Du Port is across the Du
River from unsprajed territ-ry, which accrunts for the overall hicher rate,

The possible transfer of mlariz narasites from 2 few heavily parasitized
slides to nesative bland films, as shown by Donaldson wnd Broske (1948) during
mass staining, was considersd as = nossible causc of continued ponsitives

being found 3mons the infants of Bushrod Island, .in examination of stained

blood £ilms did not reveal evidence of such transfers, However, an experiment
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was undertakon to determine if such transfer might be occurring. Twenby-
five Hlond smears taken from the writer soon afbér arrival in Liberia were
intcrsperced with 76 survey slides foom Boa (Hlis, Althoush some of the
known'negative smears were adjacint te slides with relatively heavy
densities of parasites, no transfer of organisms was observed,

Table IV, Malaria Rates, Sprayed
areas, Liberia. HNo Pre-snravine Survey

Por Cont Infochod
Mlcincrum All Sneeics
Date and Area No, AlL 1/ iteference
Sliles Aes Infants™ | ..1). ages
2/55 Jehnsonvilleg/ 76 23,9 14.3 W3 Konler, 2/55
7/55 Du Port 21 | 20 25.0 0.0 65.0 Kohler, 7/55

1/ Inid, pp. 3, 4, 5,
2/ Sprayed six menths prior to survey,
3/ Sprayed 12 months prior to survey. Jdjacent to unsprayed territory.

Several malariometric surveys have been masle in various areas where no
spray oparavions haweheen carried out., Thzsz can be considercd roughly as
"checks" for the soraysd arsas, It is indicated in Table V that the
infection ratces in these areas arc consistently high,

Table V, Malaria Infection Rates, Unsprajed areas, Liberia

Per Cent Infected
Falciparum 411 Swecics
Date and Area No. All 1/ Reference
Slides Arcs Infants=" L1l ..ges

9/53 Sinkor 258 554, 32.43/ 57.4 | Kohler, Nov. 1953
9/53 Gbarnga 240 82,5 100.0%/ 88,3 | Kohler, Dec, 1954
2/5l Tchien 148 57.4 778 70,9 Xchler, Dec. 1954

’ 1y
12/5l, Careyshurg| 105 23.8 5o.o=/ 9.2 Kohler, Dec, 1954
1/55 David Town | 66 72,7 1 70,5 83.0 | Kohler, Jan. 1955

1/ A1l children under one year of age except as noted by 2/,
g/ Includes children through one yzar of age but not two years,
a/ Oniy seven infants in sample. '

b/ Only four infants in sample,
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Sntomolopical Aspects

A tabulation of mosquito inspeetions prepﬁred by Kohler indicates that
anopheline larvac were readily found in the Monrovia area from carly
August 1953 through the first week in March 1954, Since the latter date nc
more than five individual hreeding places have been found with anophelines
in any one weck and in no instanez have the numbers cxceeded five per dip,
Since July 1954, only an occasicnal anopheline larva has been found, In
onc day's intensive dipning on 3ushrod Island the writer and the Chief
Inspector were able to find only three A, goambias.

A tabulation of alult collections for the periocd July 1954 through

June 1955 shows that only 58 speeimens of Anoohsles gambiac-nelas were

found by inspecting or flitting 2,596 hnuses in the lonrovia-Bushrol-3inkor

rea, uring the sams neriod, 59 light tran collections yielded 25 speci-
men and three were caught Iuring 19 nizght-time ,iting collections, Sighty-
five adults were captured at the bése of a cotton tree in 19 inspections,
Comparison of thesc fiypmres with those of a comparable period of earlier
years is not possible, Hewever, during sugzust and Scptember of 1953, 101
anophelines were found in 21 houses inswvected and 117 werce taken at the base
of cotton trees, Lo annphzlines were foundi during two days of house
inspecting -y the writer and the house insnection crew. The only anonhe-
lines found were two males resting at the base of 2 cotton tree.

The above results may ne internreted as indicating near eradication of

Anopheles gambiae and A. melas from the protected area. However, some
caution must bHe exercised in evaluatiﬁg these data, OSeveral scientists

who have studied the biclogy and malaria transmitting capabilities of these

species have noted a marked exophilic ten4encv on the part of gambiae and

% especiélly of melas, Muirhead Thomson (1951), hy means of window traps,
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demonstrated that 35 to 45 »er cent of the melas and a lesser percentase of
gambiae which entered a hut during the night left it by dawm, He believed
that DDOT residual applications intensified this exophilism, Gelfnznd (in
press) working in Marshall Territory, Liheria, collected mesquitoes from
window traps on an experimental, inhabited hut every tw> hours during the
night, He showad that aporoximately 23 per cent of freshly engorecd nelas
left the hut hetween 7:00 peras 2nd 5:00 a.m, and anocther 62 per cent left
between 5:00 n.me and 7:00 a.m. (dawm). Only about 14 per cent remained in
the hut and escaped at ‘tusk the next day. The numbers of gambine captured
in this experiment were low “wt the data indicated thot approximately 40 per
cent were leavin;; the hut the same night as thoy fed., (Writer's interpre-
tation of Gelfand's manuscrint data.)

It is pessible that this tendency for exovhilism may He compliecating the
mosquito control efficiency in the Monrovia area, allowing some transmission
which would account for the slow rzductinsn in parasitc rates observed in the
Bushrod nopulaticn, However, the lack «f anopheline larvac in suitable and
previously productive posls, the scarcity of adults in outdoor resting places
exanined and the lack »f adults cantured in nisht »iting and light trap
collections leads one to Lelieve that the ancphelines 2re being controlled,
The performance of a series of window=trap expsriments and a more thorough
search for adults restin;; cut-of-lrors woull give substantial information
on this point,

Population Asnects

In evaluating a malaria control project it is essential that the composi-
tion and motility of the prctected population be considerad, The populaticn
of Monrovia is comprised of imerico-Liherians, foreign nationals, and people

from the various trihes of West Africé. The latter group tends to live on
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the periphery of the City or in tribal villages somewhat removed. From
personal observations, it is evident that these people do a considerablo
amount, of moving about, This probably is largely locsl in nature since much
of it is on feoot, However, inquiries of house hoys and others indieate that
they or members of their families may make one or more visits to their home
village during the year, Som» of such villases are in the unsprayed area not
yet reached by the ICA and the WHO sponsored programs, Also, it is evident
from the rapid zrowth of the City »f Monrovin sduring recent years that con-
siderable immigration is constantly sccurring. It is believed that these
newcomers may be more atiracted to the Bushrod area rather than to the City
proper beecauss of lower rents and other advantapes, As onz gets farther
avay from the City, the writcr belicves that the villape populations may be
more stable, In the Bomi Hills camps, it is bzlieved that the worker
populaticn: is more stable beeause of thz stealy work and the provision of
standard habitations built by the commany., It was callad to the writer's
attention that ncar pay day relatives visit these camps, ‘It is believed that
the malariamstric surveys have been made of the more permanent population,
Such reasoning as this vwould account for the achievement of adeauate
malaria contrcl in some of the villages and for the slowness by which
marasite rates are being reluced in the Bushrod area, JAdmittedly, these
observations are without statistical sunpoert sines no data are available con-
cerning the immigration from or visits tc uns»rayed areas by these people,
However, there seenms to be no obther simple explanation for the data concern-
ing malaria, granted that the anophelines are under control in this area,

Ornerational Aspects

Mzlaria control operations in Liberia are not easy. A great many
difficulties are encountered with personnel, transportation, equipment and

procurement of supplics,
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An analysisrof maiaria control personnel shows that 60 per cent have hadl
no schooling =r ! only 19 ner cent have reached the eizhth grade or attendod
high school. One aspect »f this nroblem appears to be the snlary scale winich
is not high enough te compete with government and business for the better
educated men, although in some of the nperational jobs, cducation is not as
important as aative ability, in the entomnlogical, parasitological aned
operational surervisory nositiong both are cssentisl,

1

Absenteeism apncars te be a major operational problem, During June the
proeject time boolk shows that 91 man days »of absence occurred in a crew »f
32 men, During July 128 full man Jd~ys woere lost due £o rain (partial lost
days were not counted); 45 were lest due to illiess and personil reasons

and 11 man days werc lost :due to pivment of salaries, This renresents moere
than 256 per cent of operation time lost during the month,

The maintenance of vehicles in Liberiz is a major problem both from the
standpoint of rapid deterioration and of 4iffieulty in locating and in
voucherinz for repair parts, A battery wis stolen from one of the vehicies
being used by malaria control during the last week in June, soon after the
writer's arrival, This vzhicle is still inoperative as of July 26 becausc
the purchase of a bhattery has not yet been accomplished, Another vehicle can
only be used locally becauss tires ordored montiis ago have net heen secured.
Vehicle remair facilities ars limited and vshiclzs sometimes have to be
deadlined for considerable periocds before preper repairs can be made., One
of the writer's contemnlated ficld trips had to he delayed about three days
while the jeep was beins given minor repairs, 4 trip to the WHO malaria
control project at Kpain hal to be postponed indefinitely because of motor

“troubles, It was considered that none of the malaria control vehicles were
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: capable of making this trip so a aew jeep was borrowed from the MNducational
Advisor, The start of the trip was delayed three hours while this vehicle
was being repaired, A few miles from Monrovia it was evident that the
generator was not charging and we had to return to the City,

Liberia docs not yet have a network of roads cennecting the Cities and
villages, To niach the villugs not on the main roads it is nccessary to
travel along foot paths. To mcach other coastal population centers it is
necessary to use wator or air transportating

Mrintenance of spray cquiment is a continuing but not an acute problem,
apparently spray-bounce is not a orobhlem hers so that constant pressure
valves give ne particular advartarw. The last order for spray cans speci-
fied that such valves be e¢liminated, Through an error, the valves were
included and the cans will not be used until they arc removed since they
rapidly clog wixier conditions of use here,

The rrocurement of suppliss is a mijsr problem, Dieldren first

requested March 1954 heos not yet been pleced on order. An emersency supply
N,
of emulsion requestel tws months 270 is in the same status. Wzter-wettable

dieldren is still in sud»ly here bt the emulsion is nceded for treating
the better class ~f houses in Honrovie,.

Although the general population prebably does not understand the
reasons why the hous:s st he sprayed, the refusal rate hos been at a
minimum, However, with control of certain household pests achieved, there
is a greater tendency for refusal of the soray now than formerly., The need

for more public health cducation efforts is zsvident,
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SUMMARY AND CONCLUSTON

¥ lariometric data for the control program in Lieria indicate that
satisfactory prevention of malaria is being accomplished, Althourh ths Adaba
for the Bushrod area must be quesitionad on the basis that falcinarum and
total infection rates are not beinrm reduced as rapisly as would be expecterd,
the infant rates are at 2 very low level, EBntonolsrical Jdaba indicate that

Anopheles ambiac and A, melas are at such a low dersity that the possibility

of transmission scems asrlipgidble, Howover, because of the observed exophilic
tendency of these specics in other areas »f Wast afrvics, additional obscrva-
tions on outside resting of mosquitoes and their tendency to leave habitations
after feeding are desirablz, In th2 writor's cpinion, the most prohable
xplanation for tihe slow decrease in rates in the Bushrod Island arca seems
to he that there is consideradble immigration from or visits to unsprayed
areas by these psople. A cardinal principle of a satisfactory malaria
control progran is to include sufficient area unler control te reduce to an
absolute minimm the introduction of infaected populations or mosquitozs

from unsprayed areas,

RECOMMND.TTOKS
o It is resnectfully recormendesd that consideration he riven to:
1. Increasinz the compreihensive malaricmetric and entomnlosical evalua-
tions of the control operations. This would involve:

a. An increase in the number cf t:loci smears examined for any one
area such as Bushrod, Sinkor, or Monrovia to 600 or 1,000 per
year with a2t least 100 infants under one year of ase, if
possitle, OSuch numbers weould wrovide more accurate statistics
for interpretation, Surveys from villages in the same general
area will have to He combined €o attain this number in many

instances,
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B. A more intensive study of the excphilic and day time resting habits
of 4, nelas and A, sambiae in the Monrovia area. This can bo
acconiplished by incereasing tne search for mosyuitoes resting at the
hase of cotton trees, termite mounds, in cera’s holses, cte., and Hy
the occasional or repular operation of window traps on native or
simulat.d native huts, Filling the entonnlosist vacancy on tho
project is ¢ssentinl to this phasa of the work,

Expanding the Liboria=ICA mnlaria eontrol protldem as rapidly as possible

to extend it Lo the arse to be unler cortrel of the Liboria<WHO prosros

and to the other popudated coastal centers as oriinally planned., 5y
this menns, it is Holieved that a larpge enouth arcs will be wvler con-
trcl to minimize the efleet »Ff inmicration and wdration in maiﬁtaininﬁ
infections in the FHonrovia arez, To aceomilish this, additionmnl
personnel, equipaint and mnterials will s necessary, v is thne
writer!s cninion that:

a, an addivicnal »rofessicnal p2roon, sanitarian or entomologist, with
malaria control trainin: is needed to carry the control program to
the bush areas, This person shoull not be advarse to spending 2
week or morz at a time living in the snarsely inhabitad areas and
in travelling by £oot as nzcessary,

b, Loeal parscnnel will need to he tra2ined oo carry con the control
pregran in the coastal communities with a minimum of supervision,

Cce Some means of transcorbation must Se provide!d for paterials, equip-
ment an? supervisory parsonnel to reach those outlying areas which

do not have connectine roads,
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3.. Securing and training a few individuals for high potential capabilities
for carrying on top level administrative functicns., Individuals
capable of being counterparts for the malariologist, entomologist, and
enginesr would be desirable, However, if personnel with the prerequis
'site education and training are unnriilable, individuals capable of
being trained as assistants .o the professional personncl would sufficc.
One means of training thesc individuals would be through the estab-
lishment of a fow competative truining positions with 2 salary that
will =ttract capabl:s men, As these trainces become able to become
counterparts or assistints for the professional personnel, they : should
be given permacnent positions. Those individuals who do not meet the
performance requiremcnts should be releascd to provide 2 viecancy for
another traince, Such a program would greatly facilitate the
expansion of the milaria control program ¢ventuzlly to the whole of
Liberia,

L. Arranging for the malariologist and such other personnel as deemed
feasible, to visit the m=zlaria control programs in other parts of
dest Africa., It is believed that such a visit with Dr, L, J. Bruce-
Chwatt, Outstanding lMalariologist now in Lagos, Wigeria, would assist
materially in confirming observations being made in Liberia and might
well assist in the speedy expansion of the program here.

The interpretations and opinions =xpressed in this report are the
writer's own and the recommendztions are made in the spirit cf suggesting
possible means of securing the maximun effectiveness for the Liberi2-TCA
malaria control program.

Respectfully submitted,

Roy F. Fritz, Malariologist
Consultant, ICa
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