
Introduction 

Lepr Rev ( 1 987 )  58, 1 29- 1 40 

Leprosy and tuberculosis in the 

Blue Nile Valley of Western Ethiopia 

S G G U N D E R S E N *  
Mendi Clinic, Mendi, Welega Region , Ethiopia 

Accepted for publ ication 6 August 1 986 

Summary Data a re  presented on the prevalence of leprosy and  tubercu los is  among 
differen t ethnic groups l iv ing under d ifferent environmenta l  condi t ions in  the 
Mendi dis trict of the B lue N i le Val ley,  Western Ethiopia .  The data are based on a 
c l in ical survey of 1 323 persons ( main  study) ,  represent ing H ighland and M idland 
Oromos as wel l  as M idland and Lowland N i lot ics and on records from the local 
leprosy and tuberculosis  programmes (addit ional  study). I t  i s  concluded that  
cases of leprosy a re rarely found in  the highlands,  whereas prevalences of 53/ 1 000 
and 92/ 1 000, respectively,  were found in two of the Lowland Ni lot ic v i l lages. On 
the other hand,  tuberculosis  is 2-4 t imes more frequent among the H ighland and 
M idland Oromo populat ion ( 1 0- 1 8/ 1 000) than among the M idland and Lowland 
N i lot ics (3-7/ 1 000) .  In addi t ion to the genetic d ifference between the Oromo and 
N i lot ic populat ions,  the higher tempera tures, lower h umidi ty and black soi l  
observed at  the lower a l t i t udes might be of importance for the prevalence of 
mycobacteria l  d i sease. There i s  some evidence of an ongoing leprosy epidemic 
among the previous ly isola ted Lowland N i lo tics, and indicat ions of a tuberculosis  
epidemic start ing after their i ncreased contact wi th  the tuberculosis- i nfested 

H ighland Oromos. 
This paper i s  the first in  a series that  reports on the prevalences of several 

public hea l th  problems in this area, the Blue Ni le  Publ ic Hea l th  Survey ( B N PHS) .  
Hence, some general i nformation i s  provided on the concerned populat ion,  the  
geography and the organizat ion of the pub l ic  hea l th  services i n  the M end i  dis trict . 

I n teractions between M. leprae and related mycobacteriae are important features 
of leprosy epidemiology, and special attent ion has been paid to the possible 
epidemiological antagonism between leprosy a nd tuberculosis .  1-6 BeG vaccina
t ion may provide some protection against leprosy, and crossed immunization has 
also been demonstrated by sk in  tests . I- 1 2 Some studies3 , 5 , 1 2 suggest that the 
relat ive distr ibution of these major human pathogens i s  influenced by ecological 
factors such as a l t i tude, temperature and annual rainfal l  as  well as ethnic 
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background and density of populat ion . In order to ident ify such factors the 
logica l ta rget for invest igat ions appear to be areas where both tuberculosis  and 
leprosy are preva lent .  

Prel iminary information (Soerensen, 1 . , personal communication) from the 
M endi district of Western Ethiopia indicated that leprosy was defined to the 
lower a l t i tudes, whereas tuberculosis  was mainly found in  the highlands .  The 
present study was in i t iated to provide more rel iable information on the 
distribut ion of leprosy and tuberculos is  among representatives of the M endi 
lowland, midland and highland,  respect ively.  

In addit ion to the scientific value of such studies ,  the i nvestigation was 
requ i red to identify priorit ies within the B lue Nile Public Health Project . 

Materials and methods 

L A N D ,  P E O P L E  A N D  H E A L T H  C A R E  

The M endi District i s  a n  administra t ive uni t  o f  about 1 00,000 inhabitants ( 1 980) 
within Welega, the westernmost region of Ethiopia (Figure I ) . The B lue N i le 
consti tu tes the northern border of the district running north-westwards at  an 
al t i tude of about 700 m. From the river lowlands the country rises towards the 
south up to the main M endi highland plateau ,  about 1 700 m above sea level . I n  
the middle o f  the s lopes, a t  an  a l t i tude o f  about 1 200 m,  are the flat plains of 
Dalat i , here cal led the midlands .  

The lowlands are an extension of the Sudanese savannah with some forest 
gal leries in the h i l l sides .  \ 3 The soil i s  black and ferti le,  the mean temperature is 
high and during the dry season maximum temperatures of  40-45°C are common .  
Mean annual  precipitat ion i s  800- 1 000 mm. 1 3  There are no complete meteorolo
gical data avai lable from this outpost a rea . 

The main inhabitants are hoe-cul tivat ing N ilot ic tr ibes l iv ing i n  v i l lages of 
sma l l  bamboo huts .  Each fami ly owns several huts  which vary i n  s ize from 4 to 
30 m2, with an  average of about 1 5  m2 . An  average of 5 people sleep in each hu t .  

Hens  and  goats are common, but  cattle scarce d ue to zoonotic t rypanosomia
s is .  Meat from hunting i s  sometimes added to the diet ,  which otherwise i s  based 
on fermented porridge of sorghum with a spiced vegetable sauce . 

There i s  widespread socia l  contact between the N ilot ic v i l lages. Around the 
major  lowland v i l lage of Sirba l ives the previously very i so lated Saysay tribe of 
the Ni lotic Gumuz people I 3 , 1 4, i n  this  survey cal led the Lowland Ni lotics .  

The highlands of the Mendi d istrict are mainly eroded mountain savannah 
with vu lcanic red soi l  of low ferti l i ty .  1 3  In 1 984 the average maximum temperature 
was 28 ' 7°C and the average min imum temperature 1 5 ·0°C .  The total annual  
precipitat ion in  the same year was 1 · 754 mm, mainly fa l l ing from Apri l  to  
October. 
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Figure I .  Map of the study area w i th in  the Mendi  d i strict of Western E thiopia . 
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The main inhabitants are plough-cult ivat ing Oromo people of Cushit ic 
origin . 1 3 , I S  They l ive in  cl usters of houses made of dried mud. The average fami ly 
consists  of about 1 0  members . I n  most cases each fami ly owns on ly one house 
approximately 1 5  to 45 m2, usual ly with more than one room . 

The main staple food consists ofa fermented pancake of teff (a  smal l ,  iron-rich 
crop exclusively found in Ethiopia) or maize with a spiced sauce of vegetables .  
M eat i s  eaten occasional ly .  The Oromos keep catt le,  sheep and hens,  but do not 
hunt  or fish .  

There i s  only occasional socia l  contact between v i l lages .  The H ighland 
Oromos l ive permanently i n  the highlands, while the M idland Oromos leave their 
original  highland vi l lages for about 6 months yearly to  do farming at the lower 
a l t i tudes around Dalat i .  

The midlands derive geographical and populat ion characterist ics from both 
areas .  The area is  relat ively hot with maximum temperatures between 30 and 
40°C .  Complete meterological detai l s  are not avai lable, but dai ly registrat ions 
have now been started . In 1 984 the total recorded precipitat ion was 1, 340 mm . 
The soi l  is fert i le ,  changing from red to black . The original i nhabitants are 
N i lotics of the Bertha group ( M idland N i lotics), d iffering from the lowland 
Gumuz groups mainly by language . 1 3 , 1 6 I n  addi t ion ,  a considerable number of 
M idland Oromos stayed in  the midlands at the time of investigat ion .  

Communication . The roads i n  the area are scarce . Between Mendi and Dalati  
there i s  a track passable by 4-wheel drive vehicles .  At the t ime of the survey 
further travel had to be by foot or mule .  Since 1 982 4-wheel drive cars may pass 
from Dalati to Si rba during the dry season.  

The heal th services of the d istrict are coordinated from the Mendi cl inic or 
health centre,  which is  staffed with I physician ,  2 nurses and 4-6 health assistants .  
The physician supervises a publ ic heal th team consist ing of I nurse, I heal th 
assistant and I epidemiology worker. I n  addit ion to the community health 
activi ties offered by this team,  permanent health service i s  provided in ' the 
lowlands by 2-3 heal th workers at the small cl inic i n  Dalat i . The primary hea l th 
care in  the vi l lages i s  to an  i ncreasing extent given by community health agents 
and t radit ional  birth attendants who receive short tra in ing courses .  

M A I N  S T U D Y  P O P U L A T I O N  

The total population o f  the Mendi district i s  approximately 1 00,000 of whom the 
lowland,  midland and highland represent 5, 5, and 90% respectively .  The choice 
of study populat ion was made primari ly to cover ethnic and cul tural groups 
typical of the respective a l t i tude and not to give representative samples of the 
whole d istrict . A l so access ibi l i ty to the vi l lages and the att itude of v i l lage elders 
upon a prel iminary request of cooperat ion influenced the decis ion . 

I n  M ay 1 982,  1 , 323 persons were examined for cl inical  and/or  laboratory 
evidence of selected infectious  d iseases and malnutr i t ion .  The survey populat ion 
was distributed by ethnic origin and a l t i tude of settlement as  fol lows:  



Leprosy and TB in Western Elhiopia 1 3 3 

a, 393 H ighland Oromos from Gombi ( 1 700 m) ;  b, 455  M idland Oromos from 
Dalat i  ( 1 200 m); c, 1 93 M idland Ni lotics from Dalat i  ( 1 200 m); and d ,  282 
Lowland Ni lotics from Si rba ( 700 m) .  

Local elders and teachers ensured that every household member attended, once 
the head of the fami ly had agreed . I n  the vi l lages approached, the percentage of 
participation averaged 3 5 %  (20-50% ) .  The age and sex distribut ion of the 1 323 
persons examined is  g iven in  Figure 2 .  Except for some overrepresentat ion of 
persons (mostly females) aged 30-40; and chi ldren (mostly boys) below the age of 
1 0, the survey populat ion pyramid i s  s imi lar to that of the total populat ion of the 
district . 

The resu l t s  of the leprosy and tuberculosis i nvestigat ion wi l l  be given here, 
while the prevalence of intesti na l  parasites, onchocerciasis ,  trachoma,  malaria 
and maln utr i t ion wi l l  be reported elsewhere .  
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Figure 2 .  Populat ion pyramid b y  sex and age for :  (a)  main  study populat ion (total  1 323) ;  and (b) 
total Mendi  district populat ion according to registrat ion of 1 980 ( tota l  1 02,499) .  
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A D D I T I O N A L  S T U D Y  P O P U L A TI O N  

All  patients a l ready regi stered i n  current leprosy and tubercu losis  programmes of 
the Mendi  dis trict were incl uded in th i s  study.  Beca use both st udies were made in 
the same geographical a rea, there was some accidental  overlapping of the main 
and the addit ional  study populat ion,  which wi l l  be commented on later .  

D I A G N O S I S  A N D  C L A S S I F I C A T I O N  

W e  adopted the procedures for diagnosis and classificat ion that had s o  far been 
used in the local programmes, which conform to what is tradit ional ly used in  
rural work  with l imited diagnostic resources .  

Leprosy. The diagnosis  was based on cl inical examinat ion,  supplemented by 
sk in smears for microscopy of possible acid-fast baci l l i .  Skin smear negative cases 
with one or a few hypopigmented macu les without any impairment of sensation 
and without nerve enlargement were class i fied as i ndeterminate.  Paucibaci l lary 
patients with impaired sensat ion of lesions and/or enla rged nerves but  without 
major  seq uelae were l i sted as  tuberculoid cases . Al l  cases showing seq uelae from 
neurit is  were grouped as borderl ine .  A few treated ini t ia l ly as mul t ibaci l lary 
patients might have been inc luded in  this group.  As lepromatous leprosy were 
diagnosed those with mu lt ibaci l lary involvement of the sk in with or without 
nodulat ion . 

Tuberculosis .  The diagnosis was primari ly given to cases of sputum positive 
pulmonary tuberculos is .  However, this d iagnostic group also incl uded pulmon
ary and extrapulmonary cases, especia l ly chi ldren, with typical chronic symp
toms that responded to tubercu lostatics but not to conventional antibiot ics .  

Reliability of diagnosis .  Before the s tudy started the author evaluated the 
rel iabi l i ty of the diagnoses of leprosy and tubercu losis made by the experienced 
nurses and health assistants .  For this purpose we thoroughly reviewed the records 
of the exist ing leprosy and tuberculos is  programmes for the years 1 980 and 1 98 1  
according to the above-mentioned diagnostic criteria .  F ifty per cent of the leprosy 
patients were visi ted at home and re-examined, while the majority of the 
tuberculosis patients were re-examined in the c l in ics .  

Results 

M A I N  S T U D Y  

I n  Table 1 the leprosy resu l t s  are summarized . O f  the total 2 3  cases ( 1 7  j l  000) ,  1 6  
were a l ready under treatment, whi le 7 were new cases . Among the H ighland and 
M idland Oromos we found prevalence rates of 3 and 9 per 1 000, respectively .  On 
the other hand, the respective prevalence rates of M idland and Lowland Ni lotics 
were 1 6  and 53  per 1 000 . 

Among the Lowland Ni lotics 3 new leprosy cases were diagnosed, whi le the 3 
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Table 1 .  Main  study.  Dis tr ibut ion of leprosy cases i n  the Mendi d i str ict  according to a l t i t ude 
and ethnic group 

Total 

Populat ion Itl detcrm . Tuberculoid Border l ine Lepromatous ( Prev .  ra tel  I 000) 

H ighland Oromos a a a I ( 3 ) 

(n = 393)  
M idland Oromos 3 a a 4 (9) 

(n = 455) 
M id land Ni lo tics a 3 ( 1 6) 

(11 = 1 93 )  
Lowland N i lot ics 5 9 a 1 5  ( 53 )  

(n  = 282) 

Total  6 5 I I  23  ( 1 7) 
(11 = 1 323 )  

patients found among the M idland N i lot ics were a l ready under t reatment .  The 
tuberculoid end of the spectrum represented 48 % of the total number of leprosy 
patients found in  the survey . 

Table 2 shows the distr ibut ion of suspected and proven t uberculosis  cases 
found during the survey . Of total ly 1 323  people examined , 74 (56/ 1 000) were 
suspected of tuberculos is  on c l in ical  grounds.  Of these 38  ( 5 1 % )  came for further 
examinat ion in  one of the clinics. Seventeen of these were proven to have 
tuberculosis  by sputum microscopy or cure by tuberculostatic t reatment .  Of the 
1 7  proven cases 6 had previously recognized tuberculosis ,  3 were on treatment 
whi le 3 were defau l ters . Table 2 a lso demonstra tes the high prevalence of 
tubercu losis among the Oromos of the higher a l t i tudes. While only I of the 1 93 

Table 2. Main  s tudy .  Distr ibut ion of suspected and proven 
tuberculos is  in the Mendi  d is t rict accord ing to a l t i tude and ethnic 
group 

Suspected Proven 
Number tuberculosis  tuberculos is  

Populat ion examined ( Prev . ra tel I 000) ( Prev . rate/ I 000) 

H ighland Oromos 393 44 ( 1 1 2) 7 ( 1 8) 
M idland Oromos 455 20 (44) 7 ( 1 5) 
M idland N i lot ics 1 93 8 (4 1 )  I ( 5 )  

Lowland Ni lot ic 282 2 (7)  2 (7)  

Total 1 323 74 ( 56) 1 7  ( 1 3 ) 
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M id land Ni lot ics (5/ 1 000) and 2 of the 282 Lowland N i lotics (7/ 1 000) had 
tu bercu losis ,  7 of 393 H ighland Oromos ( 1 8/ I 000) and 7 of 455 M idland Oromos 
( 1 5 / 1  000) were found to su ffer from this disease. 

A D D I T I O N A L  S T U D Y  

While only I leprosy patient was registered i n  the highland,  1 05 were registered a t  
the  Dalat i  cl inic,  serving midland and lowland populat ion . Of these 1 05 ,  50 were 
re-examined by the author, and a l l  had their diagnosis confirmed . Four had 
indeterminate, 22 tuberculoid,  22 borderl ine and 2 lepromatous leprosy , wh ich 
gives a type prevalence at the tuberculoid end of the spectrum ( indeterminate p lus  
tuberculoid cases) of 52 % .  Of these 50, 34 claimed to have got the i r  firs t  patch 
above 30 years of age .  In 1 4  of the 50 patients a total of 24 sequelae were 
registered , including infected wounds on hands (3 )  and feet (3 ) ,  loss of fingers (8 )  
and toes (2 ) ,  clawhand ( 3 )  and other muscle atrophy of hand (3 ) ,  lagophtalmos 
(2 ) .  

The majority (94) of the  1 06 leprosy patients registered in  the  to ta l  district 
inhabited six midland or lowland v i l lages ( see Figure I )  with a total populat ion of 
2405 ,  which gives a prevalence rate of 39 per 1 000. Table 3 shows the distr ibut ion 
of cases on these s ix v i l lages . For three of the v i l lages i n  the far lowland, Sirba 
Abaya, Boka Wau and Abagole K useru, the very high prevalences of 53 ,  73 and 
92 per thousand respectively, were found . 

Table 3. Addit ional  s tudy.  Distr ibut ion of leprosy pat ients on 
s ix  hyperendemic N i lot ic v i l lages i n  the Blue N i le Val ley 
accord ing to the local leprosy and tuberculosis  control  pro
grammes of the Mendi d is trict  

N u mber 01'* N umber of Prevalence rate 

V i l l age i nhabitants  leprosy cases per thousand 

Si rba Abaya 759 40 53  

Abagole K useru 272 25  92 

Boka Wau 220t 1 6  73  
Berkasa Mercha 407 7 1 7  

U rungu 235 4 1 7  
Dalat i  5 1 2  2 4 

Total 2405 94 39 

* Figures obtained from the official d is trict  registrat ion 

for 1 980.  
t Because the figure for Boka Wau was lacki ng i n  the 

register, the n umber of i nhabitants  was calculated from the 
number of  houses (44) m ul t ip l ied by 5 .  
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I n  Table 4 the prevalence rates for both leprosy and tuberculosis are 
summarized for the different parts of the Mendi distric t .  Of the I I  leprosy patients 
registered outside the s ix hyperendemic v i l lages , 5 were Oromos and 6 were 
N i lotics, a l l  l iv ing in  the midland or lowland area . 

Only 6 tuberculosis patients were found among the 2405 inhabitants of the s ix 
leprosy dominated vi l lages (3/  I 000) .  By contrast 7 1  of 5557  ( 1 3/ I 000) and 1 0  of 
1 024 ( 1 0/ 1 000) inhabitants of the highland towns of Mendi and Ki l tu  Kara 
respectively, were regis tered as tuberculosis patients under treatment .  Among the 
remaining rural M endi district population of 935 1 3  a total  of 236 cases of 
tuberculosis  were registered (3/ 1 000) . 

Table 4. Addit ional  s tudy.  Preva lence rates for leprosy and t u berculosis in  
different  pa rts of M endi dis t rict according to the local leprosy and 
t u bercu losis control programme 

N umber of Number of 
Number of'" leprosy cases tubercu losis cases 

Area inhabitants ( Prev . ra tel I 000) ( Prev .  ra tel I 000) 

Six mid- and lowland 
Ni lotic v i l lages 2,405 94 ( 39)  6 ( 3 )  

Mendi Town 5 ,557  I ( - ) 7 1  ( 1 3 ) 

K i l t u  Kara Town 1 ,024 o ( - ) 1 0  ( 1 0) 

Remain ing dis trict 93 ,5 1 3  I I  ( - ) 236 ( 3 )  

Total 1 02,499 1 06 ( I )  323  ( 3 )  

* Figures obtained from the official Mendi d is trict registration for 

1 980 .  

Discussion 

I n  Ethiopia at large the estimated average prevalence rate for leprosy is 1 0/ 1 000, 
and the h ighest local rates so far publ ished (25-49/ I 000) are from the highlands of 
Gojjam north of WeI ega . 1 3  Systematic review of the records  of the current leprosy 
programme (addi tional  study popu lat ion) clearly indicated a difference in  the 
prevalence of leprosy between the highland and lowland popUlations of the 
Mendi district . Among the highland Oromos leprosy was very rare (0 ·2/ 1 000) 
whi le an average prevalence rate of 39/ 1 000 was found in six of the Ni lotic 
lowland v i l lages. I n  fact,  rates as high as 53/ 1 000, 73/ 1 000 and 92/ 1 000 were 
calculated for three of the most affected v i l lages in the lowlands .  Our 
investigat ion of the main study population confirmed that leprosy i s  now 
common among the lowland N ilotics with an average rate est imated at  53/ 1 000, 
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which is far above the prevalence ( 5/ 1 000) found by Ful lar  Torrey in 1 966 . 1 7 
M oreover, 4 of  the 5 cases found among the 848 Oromos were classified as 
indeterminate leprosy, which remains a rather inconcl usive diagnosi s .  The low 
prevalence rate of leprosy in  the gen uine highland populat ion is  fu rther 
underl ined by the fact that 5 out of the 6 Oromos incl uded in the control 
programme l ived in the midlands most of the year. 

The average prevalence of tubercu losis i n  Ethiopia has been estima ted at 1 % , 
a l though rates up to 5 %  have been recorded . 1 3  I n  the Mendi c l in ic, serving mainly 
a populat ion of about 1 00,000 inhabitants ,  an average of 50- 1 00 new sputum 
posit ive cases are d iagnosed annual ly .  According to experiences from s imi lar 
programmes this  corresponds to an  annual  incidence rate of tuberculos is  of I % . 1 8  

D ue to the l imitat ions of this laboratory technique,  insufficient medical coverage 
and a high defau lter rate, the true prevalence of tubercu losis i n  the M endi district 
i s  certainly much higher. I n terest ingly,  the distribut ion of tubercu losis with in the 
district d iffered sharply from that of leprosy: among the lowland Ni lotics the 
preva lence of tuberculos is  was estimated at 3-7/ 1 000 whereas the corresponding 
rate among the Oromos of the highlands was 1 0- 1 8/ 1 000. S imi lar d ifferences 
between lowland and highland areas as  regards the prevalence of tubercu losis  
have been reported from Eri threa . 1 9 On the other hand Reynolds2o i n  1 963 found 
very high rates of c l in ical tuberculosis  and skin reactivity among Ni lotic Annuak 
people of Gambela , a lowland area of South Western Ethiopia .  

Prevalence rates may vary considerably according to populat ion density, a s  
reported from South Western Ethiopia . 2 1 However, the  clearly sign ificant 
d ifference between the prevalence observed in the s ix N i lotic midland and 
lowland v i l lages (3/ 1 000) and that of Mendi town ( 1 3/ 1 000) i s  not easi ly explained 
by factors such as density of housing or socia l  and cu l tura l  habits .  Also, the 
medical services del ivered by local c l inics are available to the same extent in 
Dalat i/S irba and in  the Mendi town. On the other hand the very low prevalence 
found in the remaining district might simply reflect insufficient medical coverage 
in  the remote areas .  

The previous distr ibut ion of mycobacterial d iseases in the Mendi district 
could possibly have been a consequence of immunological in terplay between 
leprosy and tuberculosis  a's well as  d ifferences in a l t i t ude, temperature,  annual  
rainfa l l ,  soi l characteristics and ethnic background . I- 1 2 Our  survey, however, has 
disclosed a more complex pattern : in  the highlands ,  a previously endemic 
s i tuat ion for leprosy now seems to be overshadowed by the high tuberculosis  
prevalence .  Furthermore, among the lowland Ni lo tics, there i s  evidence of an 
ongoing leprosy epidemic22-26 and indications of a start l ing increase i n  tuberculo
sis prevalence compared to the absence of th is  d isease found i n  1 966. 1 7 Thus,  if  
natura l  in terplay between mycobacteria plays a role ,  i t  certa in ly does not seem to 
be a static feature of mycobacterial epidemiology . 25 M ore l ikely, the occasional 
introduction of one of these diseases into rather isolated populat ions may explain 
the uneven distr ibut ion of mycobacterial d i seases . 22-25 Thus ,  the apparent rapid 
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increase of tuberculosis among lowland Ni lotics may simply be explained by 
increasing contact of this  tradit ional ly isolated population with the highland 
Oromos, where tuberculosis  i s  widespread . 

Large field tr ia ls evaluating the protect ive effect of BCG against leprosy and 
tuberculos is  have shown conflicting resu l ts . 27 28 Repeated surveys using tubercu
l in and lepromin sk in testing,29-32 fol lowed by appropriate examinat ion and, i f  
req uired , treatment of posit ive cases, might  therefore be more effective in the 
control of tuberculos is  and leprosy than the BCG vaccination programme 
a lready launched in parts of this area . 
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