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MALARIA IN NORTHWEST TANZANIA 1997-1998

OVERLAPPING EPIDEMICS vs TRANSITIONAL MALARIA ?

Juan  E. Garay with MSF in Tanzania and Spain.

1.-Introduction  :

During the months of January-March 1998, several national press articles (The Independent , The Guardian; Dar-es-Salam ) raised the alarm on some “unknown fever” with high mortality in Kagera, Northwest Tanzania. The Ministry of Health reported that the increased mortality was due to seasonal malaria.  Nshamba division reported the highest malaria mortality rates and was chosen as the target area for an epidemiological survey carried out by MSF during April 1998. The survey could gather detailed information at the health facilities and at the community level. It showed  a severe malaria epidemic with very high mortality rates, especially at village level. An emergency support project was  established which allowed to follow the epidemic curve up to September. 

The general objective of this study is to describe the magnitude and the geographical, time and population distribution features of the epidemic.

2.- Materials and methods  :

Besides data from Rubya District Hospital records since 1988 and hospital clinical and parasitological data during the epidemic, we collected  information on patients who did not reach the hospital from the Community death registers at village level in which the suspected diagnosis was given by village health care workers with malaria updated training during the epidemic. We performed 10 verbal autopsies on a random sample of ten suspect malaria deaths, as a quality control. 

Case definitions : 

· Target area and population : population regularly living in Nshamba division during the study period (January-August 1998): 123,760 inhabitants -mid-February census- living in 8 wards and 48 villages.

· Hospital malaria case or death : clinical diagnosis by staff physician of acute febrile illness not attributable to other causes,  with thick film confirmation by a trained laboratory technician.

· Community malaria death : short (less than two weeks) febrile illness -““ndwara-yo-mushana” - excluding cases with respiratory or gastrointestinal symptoms, or AIDS associated wasting syndrome;  with or without convulsions (“degedege”).

· Under-five  hospital malaria epidemic threshold by year-month (due to seasonal variations)  : mean hospital malaria year-month mortality between 1988 and 1996 plus t (n-1,(=0,05) x Standard Deviation. The years 1997 and 1998 (El Niño and after El Niño) were not included since there were claimed malaria epidemics in the region during those years. 

The statistical analysis was done with Epi-Info 6.0 (central and deviation estimates) and Statistix  Sx 4.1 (multiple regression analysis). The nutrition state analysis was done with EPINUT.

3.- Results :

Duration of the epidemic :

We calculated the epidemic threshold as described above. Table 1 shows the under-5 hospital malaria mortality by month from January 1988 to September 1998, the mean , standard deviation and epidemic threshold by year-month for the period 1988-1996 . Months with mortality above the 1988-96 mean monthly mortality  plus t n-1 x Standard deviation, were considered epidemic periods. For the period 1997-98, there were three epidemic periods or “waves” : June-August and October-November 1997; and January-May 1998. The January-May “third wave” was the greatest in magnitude -see below- and the period analysed in the present study.

 Magnitude of the epidemic:
We attempted measuring the morbidity during the epidemic through the cases registered at the health facility levels and at the community. The former lacked specificity (no diagnostic criteria for outpatients’ cases)  and representativity (limited and erratic -especially at the dispensary level- accessibility) . We performed questionnaires during April and September  following the EPI-cluster sampling method and asked about morbidity and knowledge, attitudes and practices (KAP) regarding malaria during the epidemic. However, recall bias and lack of specificity on self-diagnosis made us not rely on these results. 

Malaria Mortality rates during the epidemic were calculated from the number of malaria deaths recorded in the community death registers during January-May 1998 (epidemic period, as described above) and the mid-February census. The total number of suspect malaria deaths was 2,389 (only 399 -16.7%- at the hospital level) , which gives the following malaria monthly mortality rate during the epidemic : 

2,389 malaria deaths/123.760 population / 5 months =

= 3.86 malaria deaths / 1000 persons and month

The epidemic index  relates the epidemic magnitude with the baseline levels. For our study area we do not have data on baseline malaria mortality at the community level. However for the study  period of January-May 1998 (third wave), the average epidemic index of monthly hospital under-5 malaria deaths was 9,22, that is over nine times higher under-5 malaria hospital deaths than the average of the previous 10 years for the same period. This index reached 16 for the month of March.

Regarding the epidemic index of the malaria mortality  at the community level, we do not have baseline levels to compare with. However, when comparing it with the regional reference monthly crude mortality  rates  (1.3 per thousand), (Tanzania Ministry of Health , 1997 Statistics Report) suspect malaria death rates alone are almost 3 (2.96) times higher than the reference overall death rates. 

Time-distribution of the epidemic : 

Figure 1 shows the time distribution of hospital under-5 malaria deaths during January 1997-September 1998 and  the relation with the year-monthly epidemic threshold  (from 1988-1996 data) showing the epidemic periods. 

The time-distribution of malaria deaths at the community level was only recorded for the period January-August 1998, and we only have accumulated data for the January-March interval, therefore, we cannot assess reliably  the time distribution during the epidemic at the community level.  
Age-distribution of the epidemic : 
Age-distribution : most deaths (almost 80%) occurred in under-fives with over one third of all deaths taking place in the first year of life. 
The community death registers listed suspect malaria deaths both at the hospital and community levels, for the  under and over five age-groups. It showed for the January-May 1998 period 1,499 deaths  (62.3%) in children under 5 and 889 deaths in over-fives (37.7%).  The number of deaths related to the reference population by groups, gives monthly malaria mortality rates for the given period of 1.80 per thousand for the over fives and 12.11 per thousand  (almost 7 times (6.72) higher) for the under fives.

When comparing this under-five (suspect) malaria mortality rate with the National reference under-5 crude mortality rate  (109 per thousand for the 0-5 year age-period, that is an average of 1,81 per thousand and month), it shows that suspect malaria death rate alone was almost 7 times (12.11/ 1,81 = 6.69) higher than the national death rate by all causes for the same age-group.
Geographical distribution  :
Malaria deaths by ward were only recorded by the community death registers.  It showed how overall malaria mortality rates were higher in the lowlands. This was mainly due to high under-5 malaria mortality rates whereas over-fives had lower mortality rates than in the the rest of the area. The community registers also indicate that the distribution of mortality in the highlands is heterogeneous with a much higher malaria mortality rate in the two northern wards - Kishanda and Buganguzi-  where the over-5 malaria mortality rates are highest and the under-fives are similar to the lowlands’ level.

We tried to correlate the mortality rates by wards with the altitude, the accessibility to the hospital (transport hours) and the interaction between both.

Multiple regression analysis showed no correlation  (all regression coefficients with  p>0,80 and  r2<0,35).

Clinical and parasitological features :

· Splenic index : The splenic index was 40,1% during the epidemic in April 1998 (n =92) and 12% after the epidemic period in September 1998 (n=80).
· Clinical features : Amongst 110 consecutive cases of malaria deaths during April 1998, 68,2% died from severe anaemia (75% of under fives and 25% of over fives) and 21,5% died from cerebral malaria (13,8% of children under-five and 62,5% of over-fives).
· Risk factors : HIV infection of the father was not a risk factor for severe anaemia from malaria in under-five’s (18% vs 16,3% of seroprevalence rate of fathers with healthy children).  The nutritional status of children who died of malaria in hospital during March 1998 (n=84) showed 58,3% with low weight -for-age on admission (WAM<80%) whereas a random sample in outpatients of children with malaria who survived (n= 54) showed 29,6%. This gives an Odds Ratio of 7,18 (3,6-14,2) that is, malnourished children seem to die of malaria 7 times more often, than wellnourished children.
· Parasitological data : All thin films performed on a sample of 50 malaria cases were due to Plasmodium falciparum, with no mixed species cases. 10 cases that were sent to a reference laboratory (Parasitology department, Centro nacional de Microbiología, Majadahonda, Madrid, Spain)  were all  PCR positive for Pl. falciparum and their MSP1 and  MSP2 (merozoite major proteins) genotypes in all 10 showed different genotypes for  MSP1 and 4 for MSP2.  There was a recent cloroquine sensitiviy in vivo test (n=50) which showed 26% early treatment and 14% late treatment failure rates, similar to other regions in the country. We performed a Fansidar in vivo sensitivity test  in March 1998 -midst of the epidemic-  (n=21) with the result of 16,6% early treatment failure and 14% late treatment failure; and another one during september 1988 -endemic situation- (n=30 - 3 drop-outs) which showed only 3.7% early and 7.6% late treatment failure.
Emergency support project evaluation

The emergency project proposal was based on the very high mortality and the collapse of health services in the division (health services’ analysis not shown here)  during 1998 first quarter and the predictions of a protracted epidemic over the following 3-5 months if the seasonal rainfall pattern was maintained.

The emergency project supported the hospital for the severe case management (specially severe anaemia in under-five’s) and the peripheral levels of dispensaries and village health workers with supplies, training and supervision. The proposal chose fansidar prophylaxis every two weeks during the epidemic but this was not approved by MOH. In any case, during the initial survey, given the high cloroquine resistance, MSF supplied all dispensaries in the area with Fansidar which resulted in a “passive” mass drug administration (estimated over 60% of the population was treated during April).

The main conclussions in the september evaluation were that the initial survey was performed too late (almost three months after the start of the epidemic ) and the predictions  fortunately proved wrong (the epidemic died out in May, when the emergency project started, due to a change in the seasonal pattern in relation with the shift from El Niño to La Niña) which resulted in under-utilization of the displayed human resources, supplies and equipment. We could estimate  the efficiency of the peripheral activities (increased coverage and accessibility to hospital) at  54.3 US $/ DALY saved, and the central activities (decreased hospital case-fatality rate) at 155.6 US $/DALY saved, both above the level of efficiency of health interventions prioritised by WHO-TDR and World Bank (20US $/DALY).
Conclusions :

· Overlapping malaria epidemic in three waves, the largest from January to May 1998.

· Very high malaria monthly mortality rate (3.86 / 1000 ) with an epidemic index of over 9 for hospital malaria mortality (16 in the month of March) and a number of  suspect  malaria deaths 3 times higher than the expected overall crude death rate.

· The epidemic hit worst the under-five’s (64% of all malaria deaths, 80% of hospital -higher accessibility due to free treatment for this age-group?-) and mainly those under one year (one third of all deaths).

· Within the division (60 km north-south, 40 km east-west), the lowlands (1000-1100m high) had a higher overall malaria mortality rate due to an almost twice higher malaria mortality in the under-five’s, whereas the highlands showed a higher mortality in the over five’s, possibly reflecting a higher age-related immunity with higher baseline endemicity, and better (temperature?) conditions for vector transmission during the epidemic in the lowlands.

· The clinical spectrum shares high endemicity features (dominated by severe anaemia in under-five’s) with yet a considerable proportion of cerebral malaria in all ages, typical of unstable malaria areas. This might be called “transitional malaria” with high protracted transmission levels yet low baseline immunity.

· The multiple genotypes of Plasmodium falciparum suggest very high transmission over a prolonged time.

· High chloroquine resistance, together with disrupted health services during the epidemic might have further increased mortality.

· Despite the limited sample sizes, it is interesting to note different splenic indexes and fansidar resistance figures between the epidemic and endemic periods.

· The study questions the validity of health questionaires on morbidity and shows, despite their limitations,  the use of  threshold levels based on historical hospital records and community death registers, which in our case detected 83.3% of the suspect malaria deaths.

· There are still questions on the heterogeneous geographical distribution, even within closed areas; and a prediction tool and faster detection of epidemic prone areas and times. Both challenges are finding an ally in the remote (satellite)  sensing information coupled in multivariate time series analysis with precise epidemiological data
.
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Table  1 : Rubya Hospital under-5 malaria mortality) 1988-1998. 


Monthly hospital malaria mortality
Mean and Epidemic Threshold by month


months
88
89
90
91
92
93
94
95
96
mean

88-96
mean

+tn-1,(=0,05SD
1997
1998

Jan

0
6
24
5
21
19
11
8
11,75
29,96
9
60

feb

0
5
19
2
20
7
13
6
11,86
29,23
4
83

Mar
0
2
9
5
4
12
12
6
4
6,00
19,16
6
96

Apr
4
1
3
6
3
4
6
6
4
4,11
11,28
10
55

May
5
0
15
10
13
9
6
4
10
8,00
16,70
3
37

Jun
5
6
27
18
18
2
16
4
10
11,78
29,69
31
23

Jul
5
10
47
8
19
7
17
16
4
14,78
38,66
45
15

Aug
5
4
19
4
13
4
12
6
7
8,22
30,95
33
20

Sep
3
3
11
5
4
8
8
4
3
5,44
15,04
11


Oct
3
1
6
4
5
7
7
7
3
4,78
10,26
17


Nov
4
5
8
2
10
12
6
9
8
7,11
13,44
21


Dec
2
5
26
6
5
20
9
10
4
9,67
23,04
21


In italics , months with under-5 hospital malaria mortalities higher then the chosen epidemic threshold. 

Figure 1 : Rubya Hospital Under-5 malaria deaths between  January 1997-August 1998, related to monthly epidemic threshold 




� We have found statistically significant correlation between malaria mortality and the variation of the vegetation from long term average figures : presently, we are attemting development of malaria epidemic risk maps for Kagera-Tanzania and for Ethiopia, where the present drought might bring severe epidemics in malaria unstable areas when the rain comes.
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