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1. Executive Summary

Droughts like the other forms of natural disasters have been
projected to increase in frequency with extreme weather events and
climate change. Natural disasters like floods, earthquakes,
hurricanes, etc have a fast onset but a drought is an insidious
process and has not proven to be quite as frightening as its more
sudden counterparts in terms of disaster preparedness. This could
be due to limited studies that have been published on the direct and
indirect health impacts of droughts. The purpose of this study is to
systematically review the available literature on the health impacts
of droughts which could prove beneficial to policy makers to
prioritise prevention measures. Searching through main scientific
databases, 19 studies on health impacts directly or indirectly
associated with droughts were included. Overall we identified health
impacts that occur during a drought period like Malnutrition,
Trachoma, etc and health effects immediate post drought period like
Schistosomiasis. These health effects were both directly linked to
drought or indirectly by its consequences like an increase in
migration and overcrowding. Overall, the literature review revealed
that limited literature on this topic is available, however, allowing
the identification of research and information gaps. Further research
on the health effects of each type of drought affecting a particular

region would have to be undertaken. Still, a few recommendations



can be made based on our study results. Malnutrition as a result of
drought proves to be the most prevalent in rural areas in Africa
leading to increased susceptibility to infectious diseases. Malaria
prevention measures should continue even in drought situations.
Trachoma is a disease to be more alert to especially now that WHO

has set a target for its elimination by the year 2020.

This study hopes to give evidence of the health effects that can occur
in drought situations with whatever limited information we have so
preventive measures can be prioritized by the policy makers to be
included in a disaster preparedness plan for communities

decreasing morbidity and mortality in the affected population.



2. Background

Natural disasters! have direct implications on human health with an
increase on mortality and morbidity. For example, more than 255
million people were affected on average by natural disasters globally
between 1994 and 2003, with a range of 68 million to 618 million
affected (Guha-Sapir, CRED, 2004) and droughts contributes to that

figure.

Droughts fall into the climatological classification of natural disasters

as defined by CRED (Figure 1) (CRED, 2007).

Natural disasters

il [ Geophysical ] Climatological | Hydrological | Meteorological )

LN

. Disasters used in this publication

.

Figure 1: Classification of Natural Disasters. (Accessed from Annual Disaster Statistical review,
Number and trends 2007, CRED)

During the 2000-2006 periods, climatological disasters accounted for
38% of the total number of victims affected by natural disasters
worldwide. 54 climatological events were reported in 2007 of which

11 were drought events (CRED, 2007). Looking back however

'CRED defines a disaster as “a situation or event which overwhelms local capacity, necessitating a request to
a national or international level for external assistance; an unforeseen and often sudden event that causes great
damage, destruction and human suffering”



droughts have affected nearly 2 billion people worldwide from 1900
to 2007 in 549 reported drought events (EM-DAT, 2008) (Annex 1).
Although in the present scenario, the number of persons affected by
droughts has been reduced by 63% between 1989- 2003 when
compared to 1974 -1988 (Table 1) possibly due to an increase in

knowledge and an awareness of droughts (CRED, 2007).

Table 2 - Proportion of change in ratio of affected to killed by disaster type:

1974-1988 versus 1989-2003

1974-1988 1989-2003
Proportion
Total Mean number Total Mean number of change
number of of pesons number of of pesons between the
disasters (1) affected for disasters (1) affected for two periods
one killed one killed
Drought 17 119,883 17 44,748 -63%
Earthquake 160 20,780 248 8,143 -61%
Extreme temperature 6 2,545 48 14,915 +486%
Flood 351 9,503 874 11,763 +24%
Slide 39 1.193 144 335 -12%
Violcano 14 5,395 17 11,960 +121%
\Wave/surge 3 61 4 3,096 +4,975%
Wildfire 11 995 39 2523 +153%
Windstorm 346 5977 655 21.225 +255%
Total 947 11,526 2,046 13,706 +19%

1) Only entries included with both killed and affected data

Table 1: Comparative table showing the proportion of change in ratio ot attected persons
globally. (Accessed from Annual Disaster Statistical review, Number and trends 2007, CRED)

Drought events have been projected to very likely or likely2 increase
by the Intergovernmental panel on Climate Change3 (IPCC) (IPCC,
2007). Changes in precipitation and temperature lead to changes in
runoffs and water availability due to high rates of decrease in rainfall
and increased evapotranspiration. The increase is around 10 to 40%

in runoffs in various regions like the high altitude and wet tropical

% The likelihood of an occurrence, an outcome or a result, where this can be estimated probabilistically
(IPCC,2007)
* The IPCC have been established by the World Meteorological Organization (WMO) and the United

Nations Environment Programme in 1988 to assess the understandings of all aspects of climate
change.



regions (e.g. East and South East Asia) and in dry regions of mid
latitude and dry tropics. There is also an increase in water
availability in semi-arid areas (e.g. Mediterranean basin, southern

Africa, western United States, and north-eastern Brazil) (IPCC, 2007).

Before we go into the health impacts of droughts we need to
understand what they are all about. Defining the different types of
droughts poses a challenge. There are many ways to define droughts
as they are regional in extent with each region having their specific
climatic characteristics. Droughts in the North American Plains
would differ from the droughts in Western Europe and in Sub-
Saharan Africa (WMO. 2006). The mechanism of environmental
changes during drought conditions bring different consequences to
different sectors such as water management, agriculture sector, the
hydroelectric sector, wildlife biology etc, hence have been defined
accordingly. The National Drought Mitigation Centre looked on the
disciplinary perspective of droughts and has classified them as

follows (NDMC, 2006):

(1) Meteorological droughts - occur when the actual rainfall in an
area is significantly less than the climatologically mean of that area
in a predetermined period. This depends on the monthly, seasonal

and annual variability of precipitation in that area.
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(2) Agricultural droughts - occur when there is inadequate soil
moisture needed to support the growth of crops resulting in crop

stress and fall in agricultural productivity.

(3)Hydrological droughts - are associated with the effects of periods
of precipitation on surface or subsurface water supply over a period
of time leading to mark depletion of surface water and drying of
water reservoir. The usage of water by various sectors also plays a
big role in the depletion of surface and subsurface water such as
irrigation, recreation, tourism, flood control, transportation,
hydroelectric power production, domestic water supply, protection
of endangered species and environmental and ecosystem
management and preservation thereby diminishing water

availability.

(4) Socio economic droughts - occur when the water demand
exceeds the supply or when the physical water supplies are so low
that they negatively affect the community where the drought is

occurring.

Agricultural, hydrological and socio-economic droughts consider
the human or social aspects of drought, showing the relation
between the natural characteristics of meteorological drought and
human activities that depend on precipitation (Figure 2). The first
sector to be affected when drought begins is the agricultural sector

because it depends on stored soil water. Soil water gets depleted

11



over a prolonged dry period. If precipitation deficiency increases
further then people who use other water resources feel the water
shortage effects quicker than people who rely on surface water (i.e.
water reservoirs and lakes) and also feel it last when the rains
comes due to the delay in replenishing these reservoirs. In this study
the definition of droughts given by the IPCC in their latest report is
used (IPCC, 2007). This definition describes droughts as ...... “the
phenomenon that exists when precipitation is significantly below
normal recorded levels, causing serious hydrological imbalances

that often adversely affect land resources and production systems’.

| Natural Climate Variability
|

I
Precipitation deficiency | |High temp., high winds, low| |[_
(amount, intensity, iming) relative humidity, greater i
[ sunshine, less cloud cover gﬂ%
Reduced Infittration, runoff | ==
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ground water rec harge and “’IEHSPI ration 2

gf| ------- e ECICTTertE R -=-
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Economic Impar.ts] | Social ImpactsHEnvirunmemal Impacts]

Figure 2: Sequence of drought occurrence and impacts for commonly accepted drought types.
(Accessed from the National Drought Mitigation Centre, University of Nebraska-Lincoln

homepage http://drought.unl.edu/whatis/concept.htm)
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Droughts have major effect on the various sectors beginning with
agriculture, forestry and ecosystems in which massive land
degradation is projected yielding lower crops or crops damage with
increased livestock deaths and increased risk of wildfires. More
widespread water stress on water resources, effects on industry and
settlement in the form of water shortage and decrease hydroelectric
generation and potential of human migration (IPCC, 2007) The
effect of drought on health include deaths, malnutrition (under
nutrition, protein energy malnutrition, and/or micronutrient
deficiency), infectious disease and respiratory diseases (Menne et al.,
2000) . Droughts and the loss of livelihoods triggers population
movement particularly from rural to urban areas possibly leading to
an increase in communicable diseases and a lack of safe water, food
and shelter (Choudhury et al, 1993) and also increase HIV/AIDS
transmission (White, 2003).Warmer, drier conditions will lead to
more frequent and prolonged droughts, as well as to a longer fire
season and increased fire risk (IPCC, 2007). With all the potential
health effects that droughts can trigger there are however few and
limited studies on the evidence base for health effects, making it
difficult to plan adaptation strategies by policy makers and
come to a state of preparedness by the affected communities. To
date no systematic literature review has been published specifically
on droughts and their health impacts except when discussed under

natural disasters (IPCC, 2007).

13



3. Study Objectives

Main research objective:

The aim of this study is to describe the direct and indirect health
effects of droughts and discuss their implications for public health

preparedness.

14



4. Study Methods

4.1: Study design

The study is a systematic review of available literature on the

health impacts of droughts.

4.2: Search and selection strategy

(A) Literature Sources:

Electronic databases that were searched included Pubmed, Medline,
Scopus, Cochrane, and Centre for reviews and dissemination.
Psychinfo (OVID) and Embase to identify scientific peer-reviewed

publications.

Reference list of selected articles and relevant websites like IPCC
(International Panel on Climate Change), WHO (World Health
Organisation), WMO (World Meteorological Organisation), WHO
Regional Office for Europe, EM-DAT (Emergency Events Database),

and CDC (Centre for Disease Control) were also looked into.

(B) Time period of publication:

There was no restriction of time of publication and each database

was explored from its beginning to 2008.

(C) Language of literature:

15



Studies that were published in English, French, German and Spanish

were selected when available.

(D) Inclusion criteria:

The literature selected had to fulfil one or more of the below criteria;

e evaluate the epidemiological situation in relation to droughts in

any geographical regions

e discuss the direct and indirect health impacts to decrease

precipitation, low water availability, and droughts

e discuss various determinants like age, sex, socioeconomic

status, etc. on the health impacts caused by droughts

e use the following epidemiological methods: descriptive
(quantitative and qualitative), interpretive (appraisal and
assessment), evaluative (experimental and non-experimental), or

predictive (modelling and scenario analysis)

e have an adequate description of the following questions;

1. Did the study address the scope of the health problem?
2.  Was the evidence of the health impacts attributable to
droughts?
Were the study results relevant to the research question?
4. Was the research executed in the following way?

a) Study population

b) Keywords defined

c) Methodology of the study described

d) Inclusion and Exclusion criteria given

w
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e) Homogeneity of the results across the groups of studies

(E) Exclusion criteria for peer-reviewed scientific publications:

e Letters and editorials without epidemiological evidences

(F) Keywords: An initial brainstorming was performed on a Mind
manager using the software to link the mechanism of a drought
to possible consequence

conflict & violence
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Nipah virus
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hot temperature [* contact of food with

flies rodents an cockroaches .

/¥ tess water for utilization
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Figure 3. Brainstorming for possible health effects of droughts leading to the definition keywords.
leading to ill health
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With this result, a flow chart was made with the mechanism and

health effects by exposure (in green) to disease outcome (in yellow)

(Figure 4).

*Low water reservoir

| ess water for
utilization

sl ess water for
irrigation

Droughts

Mental anxiety

*Physical injuries due to conflict
«Protein energy malnutrition
*Micronutrient deficiencies

*Retardation of growth
*Respiratory diseases
Increase susceptibility to
communicable disease like

tuberculosis,HIV/AIDS,Hepatitis

«Skin  infections;  Scabies, tinea,
bacterial

*Worm infestation

*Waterborne ds i.e. diarrhea
*Poisoning i.e. campylobacter
*Vector borne ds i.e. malaria dengue

*Kidney ailments

Hot & dry air

Respiratory ds.
COPD,URTI,Asthma

Burn injuries

Aggravate chronic ds.
CVS,Respiratory

Heat stroke

Early mortality of infant & elderly
Food poisoning from Salmonellosis
Nipah virus from bats migration

*Prostitution

sLeishmaniasis
*Schistosomiasis
-STDs & AIDS
*Hepatitis

+Drug addiction

Figure 4:.Possible mechanisms and pathways of health effects of droughts.

Another flowchart was created to link the effects of the exposure to

the outcome by disease group (Figure 5).
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*Leishmaniasis
«Viral e.g. Nipah virus
d) HIV/AIDS
‘\\ Respiratory diseases;
_—X «COPD
Temperature v cAsima
\ *Tuberculosis (Pulmonary)
N> Nutritional deficiencies;
«Undernutrition
\ . «Protein energy malnutrition
/ ‘ *Micronutrient deficiencies
: ‘ *Growth retardation
Overcrowdlng T \‘ Skin infestations;
‘- *Scabies
*Tinea

Infectious diseases:
a)Water borne diseases;
«Diarrheai.e. cholera
*Hepatitis

«Schistosomiasis

b)Food borne diseases;
*poisoning i.e. Campylobacter
c) Vector borne diseases;
*Malaria

*Dengue

~dermatitis

Mental disorders;
‘-Anxiety

+Drug addiction

«Alcoholism

Others; Chronic diseases aggravaied;
«CVD

*Respiratory.

+Kidney ailments i.e. renal calculi

Physical injuries
Burns
Heat stroke

Figure 5: Linking exposure to outcomes (disease wise).

The following keywords (Table 2) were defined and a search of

literature from databases was carried out using ‘Endnote’ as a

search tool. First a more general search was performed and then

specific diseases were looked for in relation to drought

consequences.

Table 2: Keywords

mortality, infectious disease, respiratory disease,

Droughts And overcrowding, migration, malnutrition, growth retardation,
mental effects, intoxication, Aral Sea, food prices
Overcrowding AND health effects, diarrhea, malaria, tuberculosis, dengue,

leishmaniasis, respiratory disease, mental effects, scabies

High temperature

health effects, fire, hot air AND respiratory diseases

AND Droughts AND

Water scarcity AND health effects, diarrhea, schistosomiasis, hepatitis, malaria,
scabies, migration, malnutrition

Water availability health effects, hygiene AND health effects, Trachoma
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4.3: Quality Assessment

The criteria for assessment were;

Q1. Did the study have a clear objective and hypothesis?

Q2. Were the setting and study population clearly described?

Q3. Were droughts and health effects explicitly defined?

Q4. Were results presented in an understandable way?

Q5. Were results and conclusions comprehensively discussed by the

authors?

A table was compiled for quality assessment and filled accordingly

with all selected studies (Table 3).

4.4: Data extraction

Data from selected articles were extracted according to a pre-
determined format and filled in accordingly and the main results
marked for the results table. An example of the data extraction

form is given as Annex 2.

4.5: Data analysis

All information was entered into a result format (Annex 3) and is

presented in the form of tables

20



5. Results

(A) Search results:

The keywords were put on the software (endnote) and a search on

various databases was carried out. The following were the results in

each database searched:

Pubmed; A more general search started with ‘droughts’ AND ‘health

effects’, exclusion of other disaster events from title, exclusion of

general climate change studies and only relevant to drought effects.

Total studies = 225

mortality, infectious disease, respiratory disease,

Droughts And overcrowding, migration, malnutrition, growth 171
retardation, mental effects, intoxication, Aral Sea, food
prices

Overcrowding AND health effects, diarrhea, malaria, tuberculosis, dengue,
leishmaniasis, respiratory disease, mental effects, 31
scabies

High temperature health effects, fire, hot air AND respiratory diseases

AND ....Droughts 4

AND

Water scarcity AND health effects, diarrhea, schistosomiasis, hepatitis,
malaria, scabies, migration, malnutrition 7

Water availability health effects, hygiene AND health effects, Trachoma

AND 12

Scopus; The keywords combinations used were the same and the total

results = 317 most of them being not relevant or were duplicates of the

ones found from pubmed hence no new studies were added from

Scopus.
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Cochrane; yielded 1 result which was a review article of
malnutrition (vitamin A deficiency)and not related to droughts hence

not included for the study.

Embase and Psych info; could not be accessed without a user

identity.

Centre for reviews and dissemination, had no results in relation to

drought and health effects.

WHO website; =1, a general report hence not included.

CDC website; = 4 studies

Overall Total = 229 studies.

On further search applying inclusion criteria and exclusion criterias a
total of 38 were selected , out of which only 19 articles were

available as full text and 19 articles were only available as abstracts
and had to either be purchased as full text . The contact details of the

authors were not available for correspondence.

A Quality Assessment was done on the 19 articles and filled in a
table. (Table 3).The quality assessment of the articles were done
taking into account the published year of the article, author( first),
study area, study population, study period, objective of the study,

case definition of droughts, and the questions ( Section 4.3) which

22



weighted the selection of the articles in relevance to this study
question. Data extraction from the article was done by using the Data
Extraction Format on each of the articles, (Annex 3). Data Extraction
format had prescribed questions such as basic information,
eligibility, a background description, methodology of the study,
results of the study followed by conclusions and remarks by the
author/s. Aresult table (Table 4) was filled with main results
summarized and whether the determinants like age, sex, etc. Played
arole on the severity of the health problem mentioned. The selected
articles in the table are articles based on the relevance to the
research question either directly or indirectly judged by reasons for
inclusion and are not specified disease wise or by geographical

location.
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Table 3: Quality assessment (see sec 4.3)

Quality
Assessment
Publi Study :rc:pulatl Study Hypothesis/ Drought Health Res
shed | Author | Area Year objective defined Impacts
affected ult
Year | (First) QQ|Q|Q|Q
12 (3|4 |5
(1) Sudan, January to assessments of
refugee nutrition and health .
togs | 2090 | amp ND March 1985 | heeds in the Agricultural | DIrect & olo|o|x|x|3s
oo drought-affected
African nations
(2) Mali, 8291
Mary A. . .
I Timbuktu | persons 1983-1985 | describes the Agricultural
1990 Carne region in 1019 demographic and ( Sahel) Malnutrition O|O0O|O|X |O|4/5
househol nutritional status
ds
(3) June 2001 investigate the
Gitau. R Lusaka, to effects on maternal Micronutrient
Zambia 429 December mlcrpnutrlentstatus Agricultural deficiency ololol|x|o]lass
2005 women 2004 and infant growth and growth
due to rise in food retardation
price
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3

transmissio
(4) Southern ;lnsdeasons
Rebekah | Province covered a effects of drought
2007 J. Kent ;gmbia 20 loci wet year- gprlflgteu?:g?t'c Hydrological | Malaria 3/5
drought Anopheles A.
year-wet
year cycle
(3) Michael gzl:tgzl March 1 to Habitat
A Sattl Salaam 3 million May 29, char.acte_riza_tion_ and Meteorologic .
2005 attler | >alaam, I 2003 spatial distribution | Malaria 3/5
Tanzania | PeOPI€ of Anopheles sp. a
mosquito larvae
14 day
period
6 including To determine the
(6) Donald g:ﬁ:g::i’; gmergen the day of | immediate effects Asthma &
L. Unger the of sandstorms on .
1985 desert cy rooms Asthma and other ND respiratory 2/5
in 4 sandstorm( ! ds.
hospitals | 26th March respiratory
problems
1984)
investigate the
Port 300,000( relationship
7 Sudan, Port _ between quantity
) M. A. Red Sea | Sudan) & May 1979 and chemical, diarrhoeal,
AWE?d El Province | 1:5 December |,y sical and drological | €Ye
1985 | Karim rovine million (| 1982 bacteriological Hydrological | o municabl 4/5
and South qualities of water e diseases
South Kordofan and the prevalence
Kordofan | ) of water-related

diseases. It was
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Province also intended to
draw comparison
between the two
regions.
The Aral -direct;
sea diarrhoeal
(8) region - 1960 -1980 disease
Ian . ,hepatitis,
Small Uzbekist (not clearly | 1 pact of water logical | Malnutrition,
2003 an & ND defined) depletion Hydrologica Inhalation of 3/5
Kazakhst pesticides
an -Indirect,
living in
conflict areas
Village of
Shimbi August and _ _
(9) Mashiriki September re'athl’lShlp -
Sarah Rombo 014 2003 E)etv:‘een a_ctlve
rachoma in
2006 Polacka District, children children and ND Trachoma 3/5
Northern detailed measures
Tanzania of water
30
(10) Sch clusters(1 | March 1996 | To study the
ncJeman Mali, 5,187 to June prevalence of
2001 1 African children 1997 trachoma and ND Trachoma 3/5
) under 10 potential risk
region years of factors
age)
Not To determine the
(11) Maradi, mentioned | @ssociation of
A Abdou . 651 personal and
2007 Niger ; household risk ND Trachoma 3/5
children £
actors for trachoma
and ocular
Chlamydia
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trachomatis
infection in Niger.

(12)

1992

James D.
Arthur

Thai-
Cambodi
an
border,
Cambodi
an
children
camp
Surin,Th
ailand.

408
chidren

May and
October
1989

Cause of diarrhoea

Overcrowdin
g and ds.

Diarrhea

3/5

(13)

2001

Abraham
Hodgson

Kassena-
Nankana
district
(KND),
Northern
Ghana

140 000

Not
mentioned

Overcrowding and
meningitis

overcrowding

Meningitis

4/5

(14)

1977

R.
Mansell
Prothero

Over all

ND

Not
mentioned

ND

migration

Discussed
health effects
in general

3/5
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The

Upper
Senegal
s C;’ﬁgy 1982 (pre
S_aIIy E. stretchin i%\?idual g;ciught)
1994 | ndley g from 1 sin309 | g5grought | ND ND Migration 3/5
Matam, househol years
Senegal ds
to
Diamou,
Mali
2years,198
Pastorali 9 -1991
st Boran (The
communi population
ty of in Dubluk
Dubluk experienced
(16) and in drought. examines fertility,
B.emt. the. 605 and famine mortality and Meteorolodic
1993 Lindtjgm | agricultu | poysehol | Detween patterns of al 9 Migration 4/5
ral ds 1983 and migration in 2 rural
communi 1985 and in | communities
ty of Elka the
Elka, drought
Southern lasted from
Ethiopia 1984 to
1988)
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February to
(17) North September | To assess the
Appleton | eastern 1984 resumption of
,C.C South NR Schlsto_som|a5|s.H. Hydrological S_chlstosom|a 3/5
1986 Africa transmission after sis
drought and
subsequent flood
to simulate water
; table depth (WTD)
(18) Ir_ldlan and quantify the
Jeffrey River 1986 relationship Saint Louis 3/5
2002 Shaman Cou.nty, NR throuah between Saint Louis | ND encephalitis
Florida 9 encephalitis virus virus
19911 (SLEV) transmission
and hydrologic
conditions
northern
dry
savanna
(19) Annika h and March 2002
Nordstra the 244 through to investigate the Tick borne 3/5
007 | nd sout.hern random September | presence of RF in ND relapsing
tropical | sampled | 2004 Togo fever
high
plateau
of Togo

O =YES, X=N ND = Not defined, NR = Not relevant for the study. The grading (no. /5) = the number of YES to the total five questions as given in the 5
Quality assessment questions (see study design) defining the strength and weakness of the study in relevance to this research and not by itself
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Table 4: Summary of the information available from the selected articles

1985

Dondero,
T.J, Jr.

January to
March
1985

Sudan,
refugee
camp

Nutrition in a
drought
stricken area

Descriptive
(case series)

-Health effects caused (a) direct; malnutrition
(PEM = 80%) affected 25 to 52 percent in Sudan,
8 - 67 % in Chad and 8 -18 % in Sahel, acute
malnutrition leading to deaths. Vitamin A
deficiency have led to permanent blindness

(b) indirect = infectious diseases like measles
(likely due to crowded camp conditions,40%
mortality),diarrhoeal diseases, respiratory
diseases( whooping cough ,pneumonia),
meningitis, typhus, vitamin deficiencies,

None

1990

Mary A.
Carnell

1983-1985

Mali,
Timbuktu
region

Identification
of
malnourished
children in
drought area

Cross
sectional
study

-No statistically significant differences in
malnutrition rates between the two cluster
samples

-No statistically significant difference was found
between malnutrition rates by sex: 27 percent of
girls (243/917) and 30 per cent of boys (260/881)
were less than - 2 SD of the NCHS median weight-
for-height

-Children 12-23 months (76-85 cm) were
significantly more affected by Malnutrition 44 per
cent were less than — 2 SD of the NCHS median
weight-for-height and 12 per cent were less than -
3 SD of the NCHS median.

-Of the nomad children sampled, the malnutrition
rates were significantly higher than those of their
sedentary counterparts

-Children of the Bella and Tamashek ethnic groups
were significantly more malnourished than all
other groups

Sex, Socio
economic
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-Vaccination coverage against measles for children
12 months to 5 years was established at 47 per
cent 'by card' and 60 per cent 'by history £ card'

-Decreased maternal plasma vitamin A during
pregnancy (P % 0.028) and vitamin E postpartum

Growth (P % 0.042), with the lowest values among
retardation due samples collected after May 2003 (vitamin A: 0.96
to micro mmol 121, 95% confidence interval (CI) 0.84-
June 2001 nutrient 1.09, n ¥4 38; vitamin E: 30.8 mmol mmol21
. to Lusaka, - . Prospective triglycerides, 95% CI 27.2-34.8, n 4 64)
2005 Gitau. R. December Zamb|a deﬁc'ency Ina Cohort Study Compared W|th before January 2002 (V|tam|n A: NR
2004 drought 1.03 mmol 121, 95% CI 0.93-1.12, n % 104;
brought on by vitamin E: 38.9 mmolmmol21 triglycerides, 95%
increase in CI 34.5-43.8, n Y2 47)
food prices. - Infant length at 6 and 16 weeks of age
decreased progressively throughout the study (P-
values for time of data collection were 0.51 at
birth, 0.051 at 6 weeks and 0.026 at 16 weeks)
3transmissi Effects of - Neither predictable annual dry seasons nor
on seasons droughts on unexpected extended drought periods appear to
and Southern | the genetic have an appreciable effect on the genetic diversity
2007 Rebekah | covered a Province | structure of Observationa | of this arid-adapted mosquito. NR
J. Kent wet year- | of Anopheles | - extended drought conditions appeared to have
drought Zambia arabiensis little observable impact on the regional genetic
year-wet mosquitoes diversity of An. Arabiensis and malaria
year cycle causing Malaria transmission in the following season despite
greatly reduced mosquito numbers.
] Descriptive -Of the 327 sites that contained water, 62% were
Habitat productive for Anopheles sp. and 57% were
Central characterizatio productive for Culicine mosquitoes.(Malaria)
Michael A March 1 to Dar es n of Anopheles | (Open . .
2005 May 29, p- ) . - The 202 sites productive for Anopheles sp. were | NR
Sattler 2003 Salaam, | sp. Mosquito in | mosquito made up of 69% low larvae density sites and 31%
Tanzania | an extended breeding high larvae density.
dry period. sites - Large drains, swamps and puddles were much
searched.. ; -
. less likely to contain Anopheles sp. larvae than
Ecologic

other habitats. Very turbid water diminished the
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parameters,
mosquito
larvaedensity
and

chance that Anopheles sp. larvae were present.
Breeding sites with a size of less than one meter
were more likely to contain Anopheles sp. Larvae.

- Turbid water was clearly associated with the

geographic presence of Culicines. Breeding sites with pH
location were | values of 7.6 or less were also more likely to
recorded ) contain Culicine larvae.
- Study confirms the absence of increased
14 day respiratory problems during and immediately after
period Sandstorms Cross the sandstorm. —(Differences between rainstorm
including increases sectional and desert sands_torms are thg humi;lity and the
D dL | the d ¢ Southern th d S ¢ pollen counts which are higher in a rainstorm)
1985 ona ) edayo California asthma an urvey o Asthma is not provoked and the absence of Age
Unger the desert other Emergency | symptoms is because of patients are not primed
sandstorm( respiratory rooms in as the usual spring carpet of desert weeds and
26th March problems hospitals wildflowers are absent so patients were below
1984) their threshold.
- Drops in barometric pressure and high winds do
not relate to respiratory problems.
-The reported prevalence of eye communicable
diseases was 17 and 14 % among populations
drawing water from unrectified and rectified hafirs
Port respectively. For skin diseases it was 13% for
Sudan, Water shortage unrectified and 11% for rectified hafirs.
M. A. May 1979- Ef:v;iae Ezgltphumlc Cross -The prevalence in both communities is
1985 Awad El December . L . sectional significantly high when compared with the NR
Karim 1982 and implications in study national average which is 2 9% for eye
South a semi arid communicable and 1% for skin diseases. The
Kordofan | region. highest prevalence of diarrhoeal diseases was
Province recorded among Port Sudan children (15.5%),

followed by children where people draw water
from Unrectified hafirs (13.5 %) and finally
children where water is drawn from rectified hafirs
(6.1 %)
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The Aral Impacts of
sea water (a) Direct health effects;
1960 - . ) . . . . s
Ian 1980 (not region - depletion 1 diarrhea dlsggse due to cc.>I.| forms in dnpkmg Socio
8 2003 Uzbekist | aggravated by Descriptive water 2.hepatitis, 3.malnutrition 4. Inhalation of )
Small clearly . esticides. economic
! an & droughts.(Soci 2
defined) . .
Kazakhst | o economic (b) Indirect;
an drought) 1.Living in conflict areas
-The prevalence of active trachoma in the children
examined was 18.4% (95% CI 15.9—20.9).
- Active trachoma prevalence increased with
increasing water collection time (OR 2.25; 95% CI
1.13—4.46) but was unrelated to the amount of
water collected.
. . - Crowding within beds (defined as number of
August and Village of Relatlonshlp. people per bed) was associated with the
September | o . i between active prevalence of trachoma (OR 1.71; 95% CI 1.00—
2003 Mashiriki trachoma in 2.93), though crowding within rooms was not.
9 2006 Sarah Rombo ch|Id_ren and Cros_s - Prevalence of active trachoma increased when NR
Polacka District. | detailed sectional more cattle, goats and sheep were kept in the
Norther’n measures of household (P for trend <0.01) and when cattle
Tanzania water(water were kept in the same room as people overnight
shortage) (OR 2.31; 95% CI 1.32—4.05).
- Active trachoma prevalence decreased with
reported frequency of clothes washing (P for trend
<0.05)
- Active trachoma prevalence was substantially
lower in children from households where more
water was used for personal hygiene (P for trend
<0.01), independent of the total amount of water
used.
Scheman Trachoma in Cross -The prevalence of active trachoma (follicular [TF] | Socioecono
10 | 2001 n 3 March overcrowded sectional or intense trachoma [TI]) was 34.9% (95% CI: mic and
! 1996 to and lack of 32.3-37.6) and the prevalence of TI was 4.2% environme
Mali, personal (95% CI: 3.5-5.0). ntal
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June 1997

African
region

hygiene

- Aridity/environmental dryness appears to be a
risk factor

-Small villages had considerably higher trachoma
prevalence than their larger neighbors.

- The proximity of a medical centre and the
existence of social organizations such as a
women's association were associated with lower
levels of trachoma.

- Crowded living conditions increased the risk with
a linear inverse relation between wealth and
trachoma prevalence i.e. presence of a dirty face
was strongly associated with trachoma (odds ratio
[OR] = 3.67) as was the presence of flies on the
child's face (OR = 3.62).

- Increase with distance to water source

information

11

2007

A Abdou

Not
mentioned

Maradi,
Niger

Association of
personal and
household risk
factors for
trachoma and
ocular
Chlamydia
trachomatis
infection

Cross
sectional

-The prevalence of trachoma was 43% (95%
confidence interval (CI) 39% to 47%) and of
infection was 21% (95% CI 18% to 24%).

- Children aged 3-5 years had a stronger

association of clinical signs with infection,
compared with those aged 1-2 years.

-Those with unclean faces were three times more
likely to have clinical trachoma or ocular C
trachomatis infection, compared with those with
clean faces (OR 3.1 (95% CI 1.6 to 6.2) and 3.0
(95% CI 1.4 to 6.3), respectively).

- 75% of compounds were within 30 min of a
water source. -Flies on the face were a risk factor
for trachoma but not for C trachomatis infection.

NR

12

1992

James D.
Arthur

May and
October
1989

Thai-
Cambodi
an

Etiology of
diarrhea in
refugee camps
due to

Cross
sectional

-Rotavirus - 24 % of 487 children with diarrhea
less than 5 years of age

-Campylobacter and ETEC - Of 107 Campylobacter
strains isolated from 487 children with diarrhea,
54 % were C. jejuni, 26 % were C. upsaliensis, 14

Age
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border, overcrowding. % were C. coli, and 6 % were atypical
Cambodi Campylobacter.
an -Shigella was isolated from 7 %. E.Coli -3
children . . .
- Children with prolonged diarrhea were not
camp . . : :
. infected with a single bacterial pathogen.
S_urm,Th Repeated episodes of diarrhea were caused by
ailand. different agents, acquired because of crowding in
the camp.
-Children in the feeding center were found to be
infected by person-to-person contact.
-Close contact with a case: more cases of
meningitis (16%) than controls (9%) were sharing
Kassena- the same bedroom with that case (OR 2.18. CI
Nankana | Risk factors for 1.43-3.40. P < 0.001)
13 | 2001 Abraham | Not district meningitis Case-control -Exposure to smoke from cooking fires; In 480 Age, sex
Hodgson | mentioned | (KND), (over crowding | study (95%) of 505 cases and 465 (92%) of e
Northern | ) 505controls, cooking was carried out in kitchens
Ghana rather than outside (OR 1.83, CI 1.00-3.46, P <
0.05). 40 % of both cases and controls were
exposed to smoke from cooking fires.
(1) Exposure to diseases from movements
through different ecological zones (e.g. malaria,
trypanosomiasis, schistosomiasis, onchocerriasis)
R. Over all )
Not Health effects Descriptive (2) Exposure to diseases from movements
Prothero people (e.g. smallpox, poliomyelitis)
(3) Physical stress (e.g. fatigue, under nutrition
/malnutrition)
(4) Psychological stress-problems of adjustment
15 | 1994 Sally E. 1982 (pre | The Cross 1.Family depended on migration for their food Sex ,Socio
; drought Upper Do droughts ; ;
Findley ght) PP . g sectional 2.0ther depended on remittance from prior economic
83- Senegal increase .
i migrants
85(drought | river
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years valley migration? 3.0thers sent out other new migrants
stretchin 4.During the drought there were no rise in
g from migration maybe due to presence of already
Matam, outmigrants supporting them, food relief sufficient
Senegal or maybe the migration threshold had reached
to maximum in the pre-drought period.
Diamou, 5.Doubled short cycle or circulation migrations
Mali which involved higher level of movement involving
2 moves per migration. They are described as
economically motivated and involves people from
poorer families(poverty related)
The level of migration did not rise during the
drought of 1983-1985. However, there was a
dramatic increase in the migration of women and
children during the severe 1983-1985 drought.
Along with this increase in migration by women
and children, there was a shift to short-cycle
circulation, with 64 percent of the migrants
adopting circular patterns
) -The population structure was similar to that of
2 Pastorali Ethiopia at large~(ETHIOPIA, 1984)where the age
years,1989 | st Boran pyramid reflects high fertility and declining
-1991 (The | communi mortality
population | ty of -The under-representation of males in the above
in Dubluk Dubluk Patterns of 15 years age group in Dubluk may reflect high
experience and in Miarati ¢ rates of outward migration or increased mortality
Bemt the gration o Cross among males Age and
16 | 1993 -~ d drought . nomads in .

Lindtigm | and famine | agricultu | o teq | SECHiONAl -The high mortality rates in the Elka during 1988 | S&%
between ral by droughts and 1989 may partly have been a consequence of
1983 and communi the long period of food shortage during the 1980s.
1985 and ty of - The ‘villagization’ programme, initiated by the
in Elka the | Elka, Ethiopian government in 1985, changed the
drought Southern demographic characteristics in Elka from a
lasted from | Ethiopia scattered society to higher levels of crowding and
1984 to may thus have favoured the spread of, e.g.,

meningitis and malaria.
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1988)

-Outward migration was seasonal and associated
with periods of food scarcity.

17

1986

Appleton,
C.C

February
to
September
1984

North
eastern
South
Africa

Resumption of
Schistosomiasi
s after a
drought
followed by
flood

Observationa
I

-Two of the snails in the 11-12 mm size class (6.1
% of the sample) were shown to be shedding a
pharyngeal, brevifurcous cercariae which were
infected by male and female Schistosoma
haematobium .

- It is likely that infection took place late in
February or March, within five weeks of human
contact with the river being resumed after a long
period of drought then a consequent flood on
January 1984.

= In a prolonged drought followed by a severe
flood , B.globusus (snail species) can colonize
newly formed water bodies and the S.
haematobium transmission cycle can start within
few weeks of human contact being resumed

NR

18

2002

Jeffrey
Shaman

1986
through
19911

Indian
River
County,
Florida

rise of vector
borne ds. due
to drought

Experimental
( modelling
and scenario
analysis)

-Virus transmission followed periods of modelled
drought (specifically low WTDs 12 to 17 weeks
before virus transmission, followed by a rising of
the water table 1 to 2 weeks before virus
transmission)

-Further evidence from collections of Culex
nigripalpus (the major mosquito vector of SLEV in
Florida) suggests that during extended spring
droughts vector mosquitoes and nestling, juvenile,
and adult wild birds congregate in selected
refuges, facilitating epizootic amplification of
SLEV.

-When the drought ends and habitat availability
increases, the SLEV-infected Cx. nigripalpus and
wild birds disperse, initiating an SLEV transmission
cycle.(Saint Louis encephalitis virus)

NR
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19

2007

Annika
Nordstra
nd

March
2002
through
September
2004

northern
dry
savanna
h and
the
southern
tropical
high
plateau
of Togo

Vector borne
diseases in
drought areas

Cross
sectional

- RF(relapsing fever) caused by B. crocidurae is
spreading to new areas because of the sub-
Saharan drought, which might allow vector ticks
to colonize new areas in the savannas of West
Africa

- All patients from northern Togo were children
(age range <1-14 years). For children <4 years of
age, 6 (10%)of 60 were seropositive. Of these
children, 5 had a fever and 4 had an active
Borrelia infection detected by PCR.

DNA sequence analysis showed that 3 children
were infected with B. crocidurae and 1 with B.
duttonii.

- In southern Togo, 1 (9.1%) of 11 children <1-4
years of age were sero positive.

- The overall male-to-female ratio among study
patients was 1.3:1.

-No difference in by sex, ethnic background, or
profession, with the exception of cow herders who
had a sero positivity 62.5% (5/8) compared with
12.2% (11/90) among those in other professions
(p<0.05);

-More Borrelia-infected patients lived in houses
made of mud rather than cement than persons
without RF infection (p = 0.008)

-7 (4.5%) of 154 patients were co infected with
malaria parasites and Borrelia. In the youngest
children (<4 years of age), 4 of 5 Borrelia-infected
children also had malaria

Age, sex, ,
socio
economic
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(B) Methodology of epidemiological studies;

The methodology that was used in the studies listed out in table 4 are

as follows;

4 articles were descriptive in nature, (a)nutrition and health needs in
drought stricken Africa were listed based on observation during the
drought period (Dondero, 1985),(b) habitat characterisation of the
Anopheles Species mosquito by open mosquito breeding sites,
ecological parameters, mosquito larvae density and geographic
location recordings (Carnell and Guyon, 1990),(c) listing of health
effects of a socio economic drought in the region of the Aral sea (Small
et al.,, 2003)(d)listing health effects of migration through various

exposure factors (Prothero, 1977).

10 of the studies were cross sectional studies with comparison
between exposed and unexposed, the exposure outcome was
determined in the same population in the same time. The results of
each article were reported or presented in various ways in relevance to
the study objectives e.g. in a study by Carnell. M., et al in Mali, they
measured the prevalence of malnutrion by weight for height index
and the data was then presented using the standard deviation score
based on the NCHS reference population and checked for significance
(Carnell and Guyon, 1990), 3 studies presented the prevalence of

Trachoma using odds ratio with a 95% CI range (Polack et al., 2006),
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(Schemann et al.,, 2002),(Arthur et al., 1992). The results will be

discussed in detail under the discussion part of the study.

A prospective cohort study was done by (Gitau et al., 2005)to
determine the growth retardation of infants borne to pregnant women
with decreased maternal plasma vitamin A during pregnancy and
vitamin E post partum and presented with p-value significance and

95% CL

Two observational studies on the resumption of Schistosomiasis
(Appleton, 1986) and the effects of droughts on the Anopheles
arabiensis mosquito responsible for transmitting Malaria (Kent et al,,
2007a) and an experimental (modelling and scenario analysis) study (
Shaman,2002) to find evidence of virus transmission following periods

of modelled drought*.

A case control study article to study the risk factors for Meningitis
(Hodgson etal., 2001) in Northern Ghana and data presented using

Odds ratio,95% CI and p value for significance results

(C) Health effects:

With reference to Table 4 which is a summary of main results relevant
to the health impacts of droughts we observed the following health

effects.

* Modeled drought defined as specifically low water table depth 12 to 17 weeks before virus transmission,
followed by a rising of water table 1 to 2 weeks before virus transmission.
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(1) Malnutrition ; 3 articles discussed about Nutrition related health
effects as a result of Agricultural droughts, 2 articles in African regions
and 1 in the Eastern Mediterranean region. 1 on the overall nutrition
problems like Protein Energy Malnutrition and Vitamin A deficiency
and the indirect effects like increase susceptibility to infectious
diseases e.g. measles, another looks into the deficiency of Vitamin A in
pregnant women leading to growth retardation of infants borne of
these women. The other article on the identification of degree of

malnourished in a drought stricken area.

The form of malnutrition that seems to be most frequent in areas in
the African region and in Sudan is protein energy malnutrition (PEM)
which is <80% of the reference median weight-for-height.
Malnutrition affects 25 to 52% in Sudan,8 to 67 % in Chad and 8-18%
in the Sahel regions(Dondero, 1985). Acute malnutrition leading to an
increase in infectious diseases and fundamentally to death. The other
malnutrition form mentioned is the Vitamin A deficiency that have led
to permanent blindness when provoked by infectious diseases like
measles (Dondero, 1985) and growth retardation in children( Infant
length at time of collection and birth P= 0.051 ,6 weeks P=0.051 but
decreased to P=0.026 at 16 weeks) borne to pregnant women with a
decrease in the maternal plasma of Vitamin A(P = 0.028) during
pregnancy and Vitamin E post partum (P= 0.042)(Gitau et al., 2005).
The low intake of maize by pregnant women in Zambia is due to the

hike in price of maize, which is a staple food in this region. The hike in

41



price is brought on by the drought which lowered production but post
drought the production increased but so did the prices(Gitau et al.,

2005).

(2) Vector borne diseases; 5 articles discussed about Vector borne

diseases in relation to drought conditions. 2 articles on Malaria, 1
article on Saint Louis encephalitis in North America, 1 article on
Relapsing Fever in Africa and an article on Schistosomiasis in South

Africa

Malaria: A study carried out on the spatial and temporal genetic
structure of the Anopheles arabiensis mosquito. It was observed that
there were neither annual dry seasons nor extended drought period
that appear to effect the genetic diversity of the mosquito and there is
no effect on the malaria transmission in the wet year drought year
wet year season despite great reduction in mosquito numbers(Kent et
al, 2007b). In Tanzania, a study done on habitat characterization of
the Anopheles sp. mosquito during an extended dry period also
proved that breeding sites with a size less than one meter were likely
to contain the mosquito larvae than large drains, swamps and
puddles (Sattler et al., 2005) which only proves that malaria is a

continuous threat in these areas.

Saint Louis encephalitis: In the Indian river county, Florida an area

epidemic for the Saint Louis Encephalitis virus (SLEV) an

observational study was done to check the association between
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droughts and SLEV transmission(Shaman J.,2002). It was seen that
periods of modeled drought led to virus transmission along with more
evidence from collections of Culex Nigripalpus (mosquito vector) that
suggested that during drought vector mosquitoes and wild birds
congregate in certain places to facilitate the epizootic amplification of
SLEV. When the drought ended and the habitat availability increased
the SLEV-infected Culex N. mosquito and wild birds disperse initiating

an SLEV transmission (Shaman, 2002) to humans.

Relapsing fever: The article by Nordstrand 2007 describes a tick
borne relapsing fever that was caused by Borrelia crocidurae which
spread to the northern dry savannahs and the southern tropical high
plateau of Togo, Africa, due to the sub-Saharan drought. In the cross
sectional study carried out during the drought period it was found
that children (1-<14 years) presenting with fever in northern Togo
(10%) and southern Togo (9.1%) were sero positive when tested for

B. crocidurae.

Schistosomiasis: After prolonged drought followed by severe flood, it

was observed that snails were shown to be shedding pharyngeal,
brevifurcous cercariae which were infected by male and female
Schistosoma haematobium. B.globusus can then colonize in the newly
formed water bodies beginning the Schistosoma haematobium
transmission cycle within a few weeks of human contact causing

Schistosomiasis (Appleton, 1986). Human contact occurred when the
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water from the snail infested pool was collected and used for washing

purposes.

(3) Water related: 6 articles discussed about water availability in

drought conditions and its consequence health effects. 2 articles on
the health effects found due to water shortage, 1 article on prevalence
of eye communicable diseases and skin diseases from water collected
from two sources in Eastern Mediterranean region, 1 article on health
effects like diarrhoea, hepatitis, malnutrition, respiratory problems,
and effects of living in conflict area of the Aral sea in Europe, 3 articles

on Trachoma and water availability and its use in the African region.

Diseases can be caused through various pathways in relation to water.
[t could be through (a) water sources in situation when there is water

scarcity (b) water availability and its use.

(a) Water source- In a comparative study done by Awad El Karim in
1972 in Port Sudan, comparing two provinces that in prolonged dry
period depend on hafirs® as water sources. The health effects seen
were eye communicable, diarrhoeal and skin diseases (Table 5). The
prevalence of eye communicable diseases was 17 and 14%, skin
diseases it was 13 and 11%, among population drawing water from
unrectified and rectified hafirs respectively, and the highest

prevalence(13.5 and 6.1% from unrectified and rectified hafirs) of

> Hafir is a mechanically excavated pond where rain water could be collected during the rainy season and to be
utilized during the dry season. Hafirs are always located in low depressions, where clay soil formation of more
than 5 m deep exists to minimize losses by seepage.

44



diarrhoeal diseases among port Sudan children(15.5%)(Awad el
Karim et al., 1985). The specific type or commonest type of these

communicable diseases was however not listed.

Mo, of cases with
Mo —

investigated Skin Fyeo comm, [harrhoca

With unrectified hafirs 1330 49 £ X3
(BN LR R 113.26%)

With rectificd hafirs 1450 ki 63 b
(34500 30 {1303

110 in 114 24
(2711 (31 %) (1934 )

Table 5: Prevalence of diarrhoeal, eye communicable and skin diseases among Port
Sudan and South Kordofan Province population (Awad, 1985)

The Aral sea area with increasing water depletion due to intensive
irrigation, the failure of snowmelt in the feeder mountain ranges and
transboundary political disputes over sharing of water between the
Central Asian states caused the two river beds to dry up have lead to
health effects like diarrhoeal diseases, and hepatitis(Small et al., 2003)
increasing the proportion of infant death to 29.1% compared to the
regional rate of 16%. These were due to the presence of and excess

amount of coli forms in the supplied water (Binnie, 1996).

(b) Water availability and its use - Trachoma is an eye disease caused
by Chlamydia trachomatis responsible for approximately 1.3 million
cases of blindness worldwide, representing 3.6%of the global burden
of blindness (Resnikoff et al., 2004) was seen to be associated to
presence of a dirty face( OR = 3.67)(Schemann et al,, 2002) in
comparison to children with clean faces[unclean faces =OR 3.1 (95% CI

1.6 to 6.2) and clean faces 3.0 (95% CI 1.4 to 6.3)] (Abdou et al., 2007).
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(4) Diseases related to migration: 3 studies discussed about migration
in drought affected regions and the health effects related to it. 1 article
on the overall health effect related to migration and 2 articles on the

patterns of migration in Africa.

The potential heath effects of migration was chalked out into 4
categories (1) exposure to diseases from movements through
different ecological zones ( e.g. malaria, trypanosomiasis,
schistosomiasis, onchocerriasis); (2) exposure to disease from
movements involving contacts between different groups of people
(e.g. tuberculosis); (3) physical stress (e.g. fatigue, under
nutrition/malnutrition) and (4) psychological stress- problems of

adjustment(Prothero, 1977).

In a drought stricken area there is an assumption that the migration
pattern increases but in a study by Findley, 1994 it was observed that
the level of migration did not rise during the drought period of 1983-
85 in the area of the Upper Senegal River valley. This could be due to
presence of out migrants supporting them, food relief sufficient or
maybe a threshold of migration has been reached. In Southern
Ethiopia, however, it was observed that outward migration was
seasonal and associated with periods of food scarcity (Lindtjorn et

al, 1993).
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(5) Diseases related to overcrowding: 2 articles discussed

overcrowding and health effect. 1 on Diarrhoea in South East Asia

and the other on Meningitis in Africa.

In a case control study in a refugee camp in Thailand children with
prolonged diarrhea were not infected by a single bacterial pathogen
but repeated episodes were caused by different agents, acquired
because of crowding in camp, and the common feeding centre was the
source of transmission(Arthur et al., 1992). Trachoma seem to also be
on the increase in crowded living conditions (Schemann et al., 2002)
crowding within beds (Polack et al., 2006). Meningitis was seen to
increase when people shared a room in a case control study done in
Northern Ghana in which cases (16%) as compared to controls (9%)
(OR 2.18 CI 1.43-3.40. P < 0.001) were in close contact with a case
(Hodgson et al.,, 2001). Infectious diseases like measles in crowded
conditions have led to 40% mortality in the Sudan refugee camp
(Dondero,1985) along with the prevalence of other diseases like
diarrhoeal diseases, respiratory diseases like whopping cough and

pneumonia, meningitis, and typhus (Dondero,1985).

(6) Dust related disease: An article however discussed on respiratory

problems aggravating in a sandstorm in the Southern Californian
desert in America. It was observed by Unger (1985), that even in a

violent sandstorme® that the high wind does not seem to cause any

® A sandstorm/dust storm typically occurs in arid or semi-arid regions if high wind speeds cause the
transportation of small particles like sand or fine clastic sediment by saltation and/or suspension
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statistically significant immediate effects on asthma and other

respiratory problems present as pre disposing factors.

(D) Determinants that came from Table 4;

(1) Age = 3 articles discussed the effects on the various age groups.
The identification of malnourished children in the drought affected
area was done by comparing two different clusters of children from
different socio economic background. Children between 12-23 months
(Table 6) were significantly more affected by malnutrition (44% were
less than-2SD of the NCHS median weight -for-height and 12% were
less than -3SD of the NCHS median) in the Timbuktu region of Mali
(Carnell, 1990). In Port Sudan children had the highest prevalence of
diarrhoeal diseases (15.5%) (Awad, 1985). The study population in a
majority of the articles was children (Dondero, 1985) (Carnell, 1990)
(Polacka, 2006) (Arthur, 1992) (Nordstrand, 2007) which suggest that
majority of health issues in drought affected regions is more severe in

children.
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Frevalence of wasting ama;:g children ‘under 5 years’
by estimated age groups,”® Timbukitu Region, May 1985

Median weight-for-height

< —28D < =35D

Total
Age (height) N n (%) n (%)
0—5 months
{49—66cm) 227 i3 {(1O0)F 0 ({4)]
&—11 months
(67-75 cm) 248 79 (32) 17 (M
12-23 months
{76-85cm) 89 162 (44)F 44 (12)
24-59 months
(86—118 cm) 955 239 (25) 29 (3)

* Age estimated by height .2
t Chi-square significant at P<0.001.

Table 6: Prevalence of wasting among children in Timbuktu region (Carnell,1990)

(2) Sex = 3 articles discussed the severity of health effects according to
sex. In 2 articles it appeared that males were more susceptible to being
malnourished and has a higher incidence of infectious diseases than
females. In the migration pattern study(Findley, 1994) it was noticed
that males migrated more often than females though in another study
(Lindtjorn et al.,, 1993) the amount of females and children migration
increased during the severe drought period of 1983-85 in the Sahel

region.

(3) Socio economic = In an article comparing the nutrition status of
two communities it was seen that nomad children were more

vulnerable than their sedentary (Table 7)counterparts was higher in
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the Bella and Tamashek ethnic group in comparison with the other

groups (Table 8) (Carnell and Guyon, 1990).

Prevalence of wasting among children ‘under 5 years’ in
nomad and sedentary populations, Timbukiu region,

May 1985

Median weight-for-height

< —2S5D* < — 315Dt
Total
N " (%) n (%)
Nomad 240 103 (4)) 24 (1D
Sedentary 1558 312 (20) 78 (5)

* Chi-sguare significant at P<0.001.
t Chi-square significant at P < 0.005.

BEEraams w

Table 7: Prevalence of wasting among 2 type of population group(Carnell,1990).

Prevalence of wasting among children ‘under 5 years’',
by ethnic group, Timbuktu region, May 1985

Median weight-Tor-height

<—28D* <—38D
Total
Ethnic group N n (%) n (%)
Sonrhai 1011 258  (26) 45 {4)
Bella 31 126 (38) 31 {9)
Tamashek 4 62 (38) L1 {7)
Peuth 147 30 (20) 7 (5)
Others 140 2B (19) 2 (1)

* Chi-square significant a1 P<0.001 (dfr=4).

In another article(Lindtjorn et al, 1993) it was described that the
pastoralists community had an increase in migration rate
mortality than the agricultural community but the latter being more
vulnerable to higher levels of overcrowding and favouring the spread

of malaria , and meningitis. They seem to be more prevalent of
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trachoma (P<0.05) in cow herders who had 62.5% sero positivity as
compared to other professions 12.2% and in patients living in mud
houses rather than cement (P=0.008). The presence of a medical
centre and a social organization in the village was associated with a
lower level of trachoma (Scheman, 2001). In the comparative study of
pastoralist (Dubluk) and agricultural (Elka) community it was seen
that the high mortality rates in the latter was due to food shortage
while in the former was more related to outward migration among
males. The Elka community had a higher level of overcrowding and
may have favored the spread of e.g, meningitis and malaria

(Lindtjorn, 1993).

(4) Environmental factors =The prevalence of trachoma is low in
children from households where water use is more for personal
hygiene and with frequent clothes washing (P <0.05) independent of
the amount used but increases if the distance for water collection
takes more time (OR 2.25,95% CI 1.13-4.46) unrelated to amount of
water collected. Trachoma risk is increased when livestock were kept
with people overnight in the same room (OR 2.31;95% CI 1.32-4.05)
(Polack et al., 2006). It was seen that breeding sites with a size of even
less than one meter is enough for the Anopheles to breed causing
malaria irrespective of the season (Sattler, 2005). The mosquito is
semi arid adapted so the disease is continuous despite the greatly
reduced mosquito numbers (Kent, 2007). Very turbid water decreases

the chances of Anopheles mosquito larvae but Culicine larvae can
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breed in turbid water with a pH of 7.6 or less (Sattler, 2005). The
reported prevalence of eye communicable and skin diseases was

higher among populations drawing water from unrectified hafirs than

from rectified hafirs (Awad, 1985).

Other abstracts;

Of the other 19 articles that were only available as abstracts inspite of
every possible effort by the reviewer to get the full text. 6 articles
discussed on nutrition related conditions such as PEM. 4 articles
discussed on overcrowding situations and the increase of health
effects like diarrhoea, respiratory infections, tuberculosis, and
intestinal parasites. Another article spoke on the effect of drought on
the condition of women. Another article discussed the increase of
nitrate and cyanide in the animal forage causing mortality of livestock
and increase poverty level. These are however just some of the
information extracted from the abstract and they were not reviewed

in this study.

Key messages:

Overview: Total numbers of articles selected were 19, ranging from
1977 to 2007 in published years. Majority of articles being cross

sectional studies, a few descriptive studies, a cohort study and a case
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control study. Most of the studies were being conducted in Southern
Africa where drought is a natural hazard and a few in the Eastern
Mediterranean region mainly Sudan .There was however no articles
that took climate change into account with relation to the health

impacts of drought.

A) Drought defined: Overall a more meteorological type of drought is

seen in majority of studies.

(B) Health effects:

(a) During the drought period;

e Nutrition related -Malnutrition i.e. protein energy malnutrition &
vitamin A deficiency in Sudan and Mali, vitamin A & E deficiency in
pregnant women leading to growth retardation in infants born to

them

e Vector borne disease - Relapsing fever caused by ticks in Togo

(Africa), usually co-infected with malaria.

e Water related - (a) from water source - eye communicable diseases,
skin diseases in Sudan (Eastern Mediterranean), (b) water shortage -
diarrhea due to the presence of coli forms in the water, hepatitis in
the region Aral Sea (Central Asia),(c) water availability and its use -

trachoma in Mali, Niger and Tanzania ( Africa)

e Dustrelated - no increase effect of dust on Asthma or other

Respiratory Tract Infection in Southern California( North America)
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Indirect effects:

Migration - no increase in migration pattern in drought stricken
areas of the upper Senegal River valley (Africa) in comparison to the
usual pattern of migration. Comparison between 2 communities
showed that the pastoralists had better health status than the

agricultural community in Southern Ethiopia( Africa)

Overcrowding - overcrowded household increases the incidence of
Meningitis in Northern Ghana (Africa) Measles, Diarrhea and
Respiratory diseases also prevalent in a refugee camp in Sudan
(Eastern Mediterranean). Trachoma however is not related to
overcrowding in houses but only when sharing a bed in Tanzania

(Africa)

(b) Post drought followed by flood;

Direct effects:

Malaria - drought had no effect on the genetic structure of the
Anopheles A. mosquito and they are still capable of breeding and

causing Malaria in Zambia (Africa).

Schistosomiasis - snails can colonize in newly formed water bodies

and the schistosoma haematobium cycle can start in South Africa.

Saint Louis Encephalitis - due to virus transmission by the mosquito

vector post drought in Florida ( North America)

C) Determinants;

Malnutrition seen to be more severe in males than in females.
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e (Children more affected by nutritional deficiencies

e Sedentary community seems to be more affected than a nomad
population even though malnutrition degree was higher in nomad

children.

Household conditions increase the severity of certain problems like

trachoma.

D) Knowledge gaps;

¢ Limited literature available on the health impacts of droughts

¢ Limited studies being done in Central Asia and South East Asia as

they are areas where the impact of climate change will be high.

¢ Limited knowledge on the mechanism of meteorological droughts
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Figure 6: Available studies supporting the assumptions of possible health effects of droughts.

Filling these results into the previously designed mind map
(Figure 6) we can see that the retrieved articles correspond to health
effects of malnutrition, trachoma, malaria, schistosomiasis, and
diarrhoeal diseases. However we could not find studies done on fire
related injuries, mental effects, skin conditions, food contamination,

and tuberculosis.
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6. Discussion

Overall, the search yielded 38 articles which were linked to droughts
but only 19 could be accessed. The results extracted from these 19
articles will be discussed according to the key messages extracted
from the results section, in the following manner; (1) type of drought
defined; (2) the health impacts discussed; (3) the determinants that
played a role in the severity of the health impacts and (4) the

limitations

(A) Defining droughts;

In the majority of the articles, droughts mostly start as meteorological
droughts due to reduced rainfall in that area followed in sequence by
an agricultural drought and crop failure leading to food shortage. In
the Sahel region in 1983 to 1985 the drought which hit this region
was the most severe leading to a famine (Carnell and Guyon, 1990).
Rainfall was 30% below the fifty year average in the upper Senegal
river valley during the year 1983-85 leading to low agriculture
production of millet and also of forage for livestock(Findley, 1994). In
the area of the Aral Sea however the drought seem to be more socio
economic in nature due to intensive irrigation, the failure of snowmelt
in the feeder mountain ranges and transboundary political disputes
over sharing of water between the Central Asian states caused the two

river beds to dry up (Small et al,, 2003).
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The other articles were conducted in semi arid areas i.e. Sudan, where
drought is a natural hazard and is meteorological in nature followed by
either an agricultural drought or a hydrological drought. These areas
usually follow wet year drought year wet year cycle(Kent et al., 2007a).
In South Africa the rains came late in late 2001 leading to insufficient
maize production (Gitau et al., 2005) . Sudan is a semi arid area where
water scarcity follows lack of rain in the dry season in the desert area.
In Tanzania (Dar es Salaam) even though the climate is hot and humid
there are times when - in spite the rainy season - the rainfall was less
than half the average and short periods of rainfall fails leading to an

extended drought period (Sattler et al., 2005).

From the following, we identify that the sequence of a drought event
follows the sequence (Figure 1) discussed earlier in the introduction
section that drought begins with a decrease in rainfall (meteorological
drought) and with time goes on to the other types of droughts
whether agricultural or hydrological in nature. In the majority of the
articles, droughts mostly start as meteorological droughts due to
reduced rainfall in that area followed in sequence by an agricultural
drought and crop failure leading to food shortage. In the Sahel region
in 1983 to 1985 the drought which hit this region was the most severe
leading to a famine (Carnell and Guyon, 1990). Rainfall was 30%
below the fifty year average in the upper Senegal river valley during
the year 1983-85 leading to low agriculture production of millet and

also of forage for livestock(Findley, 1994). In the area of the Aral Sea
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however the drought seem to be more socio economic in nature due
to intensive irrigation, the failure of snowmelt in the feeder mountain
ranges and transboundary political disputes over sharing of water
between the Central Asian states caused the two river beds to dry up

(Small et al.,, 2003).

The other articles were conducted in semi arid areas i.e. Sudan, where
drought is a natural hazard and is meteorological in nature followed by
either an agricultural drought or a hydrological drought. These areas
usually follow wet year drought year wet year cycle(Kent et al., 2007a).
In South Africa the rains came late in late 2001 leading to insufficient
maize production (Gitau et al., 2005) . Sudan is a semi arid area where
water scarcity follows lack of rain in the dry season in the desert area.
In Tanzania (Dar es Salaam) even though the climate is hot and humid
there are times when - in spite the rainy season - the rainfall was less
than half the average and short periods of rainfall fails leading to an

extended drought period (Sattler et al., 2005).

From the following, we identify that the sequence of a drought event
follows the sequence (Figure 1) discussed earlier in the introduction
section that drought begins with a decrease in rainfall (meteorological
drought) and with time goes on to the other types of droughts whether
agricultural or hydrological in nature. More information on the
mechanism of a type of drought e.g. socio economic, that affects a

particular geographic region like the Central Asia region or in South
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East Asia would be beneficial . The region of Central and South East
Asia has been projected to have further increase episodes of drought

events due to climate change (IPCC, 2007).

(B) Health impacts;

The selected studies were mainly conducted in the African region and
the Eastern Mediterranean region specifically in Sudan, mostly in a
rural setting so the health impacts described would differ in other
geographical areas and in a rural or urban setting Health impacts can
happen during the drought period and also post drought. Post drought
when the rain comes and the ground cannot absorb the water due to
the hardening of the earth’s crust, often leading to flooding and water
being accumulated in areas which are breeding grounds for vectors

like the Anopheles Arabiensis and the Culex Nigripalpus mosquitoes.

1) During the drought period;

e Direct effects: (i) Malnutrition- As outlined earlier that most
droughts are meteorological in nature affecting regions deficient of
rainfall leading to agricultural droughts in which the soil moisture is
insufficient for growing of crops leading to poor or low crop
production and food shortage. Food shortage leads to insufficient

intake followed by the consequence of malnutrition.
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Malnutrition affects all age groups across life span (Table 9) from

growth development defects of the fetus as apparent from the Gitua

2005 study of Vitamin A & E deficiency in pregnant women. Increase

susceptibility to infectious diseases (Dondero, 1985) in infants and

young children. Protein energy malnutrition leads to an increase risk

of infection and death in infants and retarded intellectual

development and stunted height in adolescent (WHO, 1999) Vitamin A

deficiency when aggravated with infectious diseases like measles

causes permanent blindness (Dondero, 1985).

Table 9: Malnutrition across life span, by disorder and consequences (WHO, 1999)

Life Stage

Commaon Nutritional Disorders

Main Consequences

Embryo/fetus

Neonate

Infant and
yvoung child

Adolescent

Pregnant
and lactating
women

Source: WHO, 1599

Intrauterme growth retardation (TUGR):
Indine deficiency disorders (IDD);
Folate deficiency

Low birth weight ; IDD

Protein-energy malnutrition (PEM) ;
DD ; Vitanun A deficiency (VAD);
Iron deficiency anaemia (IDA)

PEM, IDD. IDA ; Folate deficiency ;
Calcium deficiency

PEM. IDD, BAD. IDA; Folate
deficiency; Calem deficiency

Low buth weight ; Brain damage: Neural
tube defects: Stllbirths

Growth retardation; Developmental
retardation; Bramn damage; Early anaenma
Contimung malnutrition; Developmental
retardation : Increased nisk of infection:
High risk of death: Blindness - Anaemia
Delayed growth spurt ; Stunted height;
Delayed/retarded mtellectual development:
Increased nisk of mfection: Blindness:
Anaenua; Inadequate bone muneralization
Insufficient weight gam m pregnancy;
Maternal anaenma: Maternal mortality;
Increased nisk of mfection: Night blindness;
Low buth weight/lugh-nisk death rate for
fetus

It is apparent that malnutrition is a common health effect in drought

conditions, and should be addressed primarily. In such events in the

past relief food camps have been set up which have their rate of

success in reducing malnutrition (Carnell, 1990) and should be
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encouraged. Relief food camps could bring about a marked difference
in the nutrition status of the affected people as they would be
receiving fortified food with required calorie needs and essential

vitamins and minerals like Iron and Zinc.

(ii) Vector borne diseases-No article mentioned vector borne

diseases during the drought period but mostly occur post drought due
to torrential rain creating a flood situation in these prior dry areas.
The article by Nordstrand however described a Tick borne Relapsing
fever that was caused by Borrelia crocidurae which spread to the
northern dry savannahs and the southern tropical high plateau of
Togo Africa due to the sub-Saharan drought. The diagnosis for
relapsing fever was however missed because 7(4.5%) of the 154
patients especially in children (4 of 5 Borrelia-infected) were co
infected with malarial parasites (Nordstrand A., 2007). There seems
to a shift in vector borne diseases from drought areas as vectors

spread to neighbouring areas to colonize and breed.

Malaria- Speculations that maybe a drought season would wipe out
the population of Anopheles Arabiensis mosquito and thereby
decrease the transmission season of malaria has been put to rest by a
study done on the spatial and temporal genetic structure of the
Anopheles mosquito and the habitat characterization study in
Tanzania shows us that they can breed in anyplace no mater now

small in diameter. During droughts mosquito activities reduces
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increasing the amount of non immune persons that when the drought
breaks there is a larger population who are susceptible thus
increasing transmission rates (Bouma, 1997) post drought. Other
drought related factors that may result in an increase in the risk of
malaria stagnation and contamination of drainage canals and small

rivers which serve as breeding ground for this vector.

(iii) Water related- Diseases can be caused through various pathways
in relation to water. It could be through (a) water sources in situation

when there is water scarcity (b) water availability and its use.

(a) Water source- Most of the epidemics of water-related diseases are
usually associated with unforeseen pollution of safe supplies, the use of
polluted supplies without treatment, failure of treatment processes
and secondary pollution of the water distributed (Feachem,1977). As
seen from the Awad 1985, study that unprotected sources as a hotbed
of infectious agent. Chlorination of water source or protection by
proper barriers, regular monitoring of distribution channels and
education of how to draw water from public source could reduce the

bacterial content of the water resources.

(b) Water availability and its use - Trachoma is an eye disease caused
by Chlamydia trachomatis responsible for approximately 1.3 million
cases of blindness worldwide, representing 3.6%of the global burden
of blindness (Resnikoff et al., 2004) which is mainly increased in

children with dirty faces, sharing the bed, living with animals in the
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same room and the presence of flies on the face as risk factors seen

from the studies.

Trachoma has been targeted by the WHO for elimination by the year
2020 (WHO, 1998) and has endorsed the SAFE strategy for trachoma
control. SAFE stands for Surgery (for trichiasis), Antibiotics (for active
trachoma), Face washing (to decrease transmission) and
Environmental change (to interrupt transmission). In drought affected
regions due to water shortage face washing could prove to be a difficult
strategy to pursue unless intense health education is provided to
communities. Face washing independent of the amount of water use

could help reduce the incidence of trachoma in these communities.

(iv) Dust related- Drought usually is accompanied by hot, dry, dust
storms (Perez, E., 1996) but no article was found on the health effects
related to them. However it was observed by Unger 2005, that even in
a violent sandstorm? that the high wind does not seem to cause any
statistically significant immediate effects on asthma and other

respiratory problems present as pre disposing factors.

This does not however conclude that there is no health effects related
to inhalation of aerosols or any respirable particles but merely the

absence of relevant literature. More research should be done on

7 A sandstorm/dust storm typically occurs in arid or semi-arid regions if high wind speeds cause the
transportation of small particles like sand or fine clastic sediment by saltation and/or suspension
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respiratory diseases in relation to dust or sand storms in drought

events.

Indirect effects: (i) Mobility and disease- In a natural disaster,

displacement is a primary concern as the risk for communicable
disease transmission is associated with the size and character of the
polpulation displaced, proximity to safe water and latrines, the
nutritional status and the level of immunity to vaccine preventable

diseases like measles (Noji E, 1997).

Migration on its own has many classification distinguished by its
duration of stay termed as long cycle or short cycle pattern
(Prothero, 1985), of which will not be discussed in detail here. The
patterns of migration does not change in a drought situation which
could be due to presence of out migrants supporting the families that
remained, food relief sufficient or maybe a threshold of migration has
been reached. We cannot conclude that migration is an indirect
effect of drought but it would be worthwhile to do more research on
the association of migration to droughts. Also individual studies
would be needed to assess which health effects are more frequent in

migrants depending on geographical location.

(ii) Overcrowding - Crowding is common in displaced populations by

natural disasters and can facilitate the transmission of communicable
diseases (Watson, 2007). Drought situations leading to famine are

usually associated with famine relief camps. In these relief camps
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susceptibility to communicable diseases is increased through
malnutrition and risk of transmission rises through close contact,
poor sanitation and movement of people between camps (Toole &
Waldman 1988). Diarrheal diseases are frequent problems in
crowded areas along with other disease like measles, trachoma,

hepatitis, respiratory disease, meningitis, etc.

There are many other health effects that could be related to crowding
for which we did not find literature on, for e.g tuberculosis and scabies

that would be worthwhile to consider.

2) Post drought health effects:

Post drought when the rain comes and the ground cannot absorb the
water in due to the hardening of the earth's crust, often leads to
flooding and water being accumulated in areas which are breeding
grounds for vectors like the Anopheles arabiensis and the Culex
nigripalpus mosquitoes. Besides the common vectors a few studies
have also revealed that Schistosomiasis resumes (Appleton,1986) and
that droughts play role in the amplification of the Saint Louis

Encephalitis Virus (SLEV) in Florida(Shaman,2002).

Schistosomiasis; Schistosomiasis is caused when people bathe or
frequent the water in which the infected snails are present and get
infected. These snails can colonize in newly formed water bodies

which have been replenished when the rain comes. In an area that the
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disease is frequent, warnings should be given to the population to not

bathe in these pools.

Saint Louis encephalitis virus; -

The SLEV is transmitted through the bite of the Culex mosquitoe to a
human and it was seen that a drought event restricts the mosquito’s
activities to other habitats where wild birds are found .This forced
convergence of mosquito vectors and avian amplification hosts
provides an ideal environment for the rapid epizootic amplification of
SLEV. When the drought ends and water resources increase, infected
mosquitoes and birds leave these habitats and begin an early

transmission phase of the Florida SLEV.

Standing water caused by heavy rainfall or over flow of rivers post
drought can create new breeding sites for vectors causing malaria,
schistosomiasis, relapsing fever, etc. This situation can develop in an
increase of vector population and potential disease transmission
(Watson, 2007). By knowing about possible vectors prevalent in a
geographical area, preventive measures that were going on in pre

drought period should be continued so as to prevent new infection.
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(C) Determinants:

In the articles there were a few studies that looked into determinant
factors that influence the severity of a health impact on the affected

population.

1) Age= In majority of the studies the study population were children
and in some study it was only diseases prevalent in children like
trachoma. Through this we observe that children are more
susceptible to infectious diseases escpecially if they are malnourished

and living under unhygenic conditions and over crowding.

2) Sex = Malnutrition seems to be more affected in males in
comparison to females but the result was not statistically significant.
The reason could be that males move around a lot more in comparison
to females who are more home based. In the migration study too it
was seen that there was a decrease in male members below the age of
15 which is due a more increase in migration patterns in males as they

go and look for food and work.

3) Socio economic = Every community has different traditions and
pratices. For the pastoralists they move around and are at risk to
malnutrition as compared to their sedentary agriculture community
who in turn are more at risk to developing infectious diseases like

measles and meningitis due to over crowding in the villages.
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4) Environmental factors = Environment conditions such as
inadequate sanitation facilities favours the spread of infectious agents
like the presence of coliforms in the public water supply which if not
treated cause water borne problems. It was seen that the distance of
water source increases the risk of a child developing trachoma
irrespective of the amount of water used. Having a medical facility and
a social organization in the village has reduced the number of cases as
health care is accessible and also health education given to mothers

on childcare.

(D) Limitations of the study:

There are many limitations to this literature review study. First and
foremost the limited number of retrieved articles may partly be due to
the choice and linkage of search terms. The search terms may have
limited the search by looking in to articles that were specifically
related to droughts and skipping the more general search of each key
word. The literature articles included for the review (19 articles) were
too little to come up with enough evidence of health impacts of
droughts so further research into this area would be highly beneficial.
Furthermore the selected articles did not discuss what the health
impacts were but mention problems existent in a drought situation.
The unavailability of full text articles caused a handicap for the
reviewer to further review and summarizes findings. Review articles,

letters and editorials without any empirical information were
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excluded further limiting the source as the study only included
evidence based findings. Considering the language non English, non
French, non German, relevant studies may have been missed out. Not
including studies with other Natural Disasters have also decreased
literature availability. The research question itself created a very
wide generalized concept to drought and its consequences.
Knowledge gaps reveals that not many articles are published on the

health effects of droughts specifically.

Even though we have the limitations of available articles, from this
study we can gather the available evidences and give certain
recommendations of what are the health impacts of droughts present

in certain geographical regions.
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7. Conclusions and Recommendations

Summary of results:

The main aim of this study is to compile the evidence for health
impacts that accompany and follow a drought disaster. Despite the lack
of literature, the included articles have highlighted some prominent
health effects in different geographical locations. Malnutrition appears
to be the most acute sequel in the African regions and in Sudan. The
most frequent type of malnutrition is protein energy malnutrition
(PEM) and vitamin A deficiency a condition leading to blindness.
Growth retardation is seen in infants born to mothers who lack Vitamin
A and Vitamin E in their plasma during pregnancy and post partum.
Malaria can still pose a health risk despite the decrease in mosquito
population during a drought season. Eye communicable diseases like
Trachoma are frequent in crowded situations especially susceptible are
children with unclean faces and presence of flies. Tick borne relapsing
fever is present in Togo and similar regions but diagnosis is missed due
to its co infection with malaria. Indirect effects of migration and
crowding in relief camps like measles, diarrheal diseases, respiratory
diseases, meningitis have been mentioned but there is no evidence to
back up their presence and also there were too less studies to give
conclusive certainty. The post drought effects of flood and the

resumption of vectors to colonize in new breeding sites in host snails,
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mosquito and wild birds gives rise to the Saint Louis encephalitis virus

in Florida and the Schistosoma Haematobium in Southern Africa.

Migration does not seem to be much of a problem in drought stricken
areas but when it does happen it is mostly the male members who
move in search of food. There seem to be no statistically significant
differences in infection incidence in both sexes but the health effects
seem to be more severe in children. Environmental conditions like
polluted water source, overcrowding, far distance to collect water, low
water availability ,unclean surroundings , having cattle in the house
have a more profound effect on the health effects and seem to

exacerbate them.

Conclusions:

From the summary we can conclude that there are health effects of
droughts that affect the morbidity and mortality of an affected
population. Keeping in mind the geographical differences,
environmental and socio economic factors, the effects will vary in
frequency and severity. Even with limited evidence we can compile the
health effects but more research into the health impacts of droughts

should be encouraged.

With the projections of the IPCC on climate change and the increase in
extreme weather events, droughts are likely to increase in areas like

Central Asia and South East Asia. Research on the health impacts of
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droughts on the two areas are highly recommended as there is limited

studies being done there.

Recommendations:

Based on the summary and conclusions it can be recommended that (a)
early warning systems could be developed for areas like Africa, Eastern
Mediterrenean, Central Asia and South East Asia like the Drought
monitoring system developed for North America (NDMC, university of
lincoln- Nebraska) giving early warnings of approaching drought
events (b) strenthening of health services by increasing disease
surveillance and control, capacity building of healthcare professionals
in the public and private sector, improvement of mother and child
health and increasing immunization measures especially for measles

(c) preparing disaster preparedness plans in areas at risk of droughts
and to consider adaptative measures for risk reduction and
management of health effects of droughts e.g nutrition (d) inter sectoral
partnerships with sectors like agriculture, family welfare for food and
health care by encourage famine relief camps. Collaborations with
meteorological office for early warnings and (e) further research on the
health impacts of droughts in the Central and Southeast Asian regions.
Research on fire related, dust related and mental effects of droughts
should be carried out. Adaptative measures to the health impacts are
highly recommended so a disaster management plan can be chalked out

for the affected regions.
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This study have tried to increase the awareness of the health effects of
droughts so policy makers can understand what is to be expected if
such an event occurs. With the knowledge preparedness could be more
precise and be more effecive in preventing morbidity and mortality in

the affected population.
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ANNEX 1
Source: "EM-DAT: The OFDA/CRED International Disaster Database
www.em-dat.net - Université Catholique de Louvain - Brussels - Belgium"

EM-DAT: Drought impacts by country from 1900 to 2007
Drought Occurrence Number of Affected Damages (SUS'000)
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ANNEX 2

Data extracting format:

1. Basic Information;
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e Title of the article
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e Author
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e Confirm eligibility for review(inclusive criteria)
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e Study objectives
® Hypothesis
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e Study setting(geographical distribution)
e Study population(size)
e Study period ( affected years)
e (Case definition of droughts
e Determinants of health discussed
e Health effects caused (a) direct (b) indirect

e Source of materials(natural disaster/ climate change)

e QOther remarks
4. Results;
e Summary of main results
e Otherresults
5. Conclusion and Miscellaneous;
e Conclusion of the author/s
e  Miscellaneous comments of the author/s
e Correspondence required
e Conclusions of the reviewers®
6. Notes.
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ANNEX 3

Data Extracted [Article No.3];
1. Basic Information
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e Title of the article= Maternal micronutrient status and decreased
growth of Zambian infants born during and after the maize price
increases resulting from the southern African drought of 2001-2002.
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