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1 Data sources 

1.1 General sources of data 

Pre-war data from Gaza, including indicators related to levels and causes of morbidity and mortality, and 

coverage of contacts with health services and of health promotive, preventive, and curative interventions, were 

obtained primarily from United Nations reports and the Ministry of Health (Table 1). Where such data were 

unavailable, we used information from the occupied Palestinian territories (oPt) as a whole, the West Bank, or 

from the neighbouring countries of Jordan, Egypt, or Lebanon. For data related to the ongoing war, we 

thoroughly searched for pertinent grey literature via Reliefweb (https://reliefweb.int/), Health [1], Nutrition [2], 

Food Security & Livelihoods [3] and Water, Sanitation and Hygiene (WASH) cluster [4] websites, and the 

Ministry of Health website [5]. Information on injuries, current food truck deliveries, WASH and shelter 

conditions, and disruptions in health service functionality were collected from publicly available periodic 

reporting by WHO UNRWA, and OCHA (see Table 1 for data sources). Information on homes destroyed came 

from OCHA. Additional parameters relevant to the models were extracted from peer-reviewed articles 

identified via PubMed and Google Scholar. 

Where possible, the reliability of the extracted data was assessed based on specific criteria, including (i) data 

accuracy (linked to method/data collection system and considerations for ascertainment bias) and (ii) data 

representativeness (geographic representation of the affected population and data reflecting the most recent 

situation). Pre-war data were generally of good quality, characterized by accuracy and representativeness. 

Limitations were well-characterized with, for example, reports on quality and completeness of vital registration 

of births and deaths. However, data quality during the ongoing war is difficult to assess and may be variable 

due to challenges in data collection and analysis. Systematic errors in data collection methods are likely to 

result in under-reporting of events (e.g. as reporting via health information systems collapses and 

telecommunications are disrupted), reduced representativeness as the war progresses (e.g. missing data from 

the North in November MoH Emergency reports) and limited up-to-date information (e.g. in the North, WASH 

indicators were last reported in November 2023). Data politics may also play a role as political and advocacy 

imperatives may mean that information is supressed or misreported [6]. Projections are based on the most 

recent and publicly available data; adjustments to data sources will be made in forthcoming projections as 

data quality improves.  

Reports and datasets extracted are available in a dataset repository available on GitHub (Gaza-

projections/Data_sources). 

  

https://reliefweb.int/
https://github.com/Gaza-projections/Data_sources
https://github.com/Gaza-projections/Data_sources
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Table 1. Main sources of data, by domain of interest. 
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Pre-war data 

UNFPA population projections [7]  Gaza  2023 X         

Palestinian Central Bureau of Statistics 

[8]  
Gaza  2000-2023 X X    X    

UN IGME [9] & UN MMEIG [10] Palestine  1996-2021  X      X  

MoH annual report [11] Palestine 2008-2022  X     X X X 

MoH annual report [12] Gaza  2016-2022  X X   X X X X 

UNRWA Health department annual 

report [13] 
Gaza  2010-2022       X X X 

UNRWA electronic health system [14] Gaza  2019     X   X  

MoH communicable disease report 

[15] 
Gaza  2018       X   

UNICEF Multiple indicator cluster 

survey [16]  
Gaza  1996-2020       X X  

WHO Immunization data portal [17] Palestine 2023       X   

UNICEF- Mapping and Assessment of 

Maternal, Neonatal and Young Children 

Health Care Services [18] 

Gaza  2019   X     X  

Multi-Sectoral Needs Assessment [19] Gaza  2022        X  

MoH non-communicable disease report Gaza  2018         X 

Identifying a package of cost-effective 

interventions to address non- 

communicable diseases ][21] 

Gaza  2020-2021     X    X 

WHO stepwise survey [22] Gaza  2010,2020         X 

MoH five-year cancer report [23] West Bank 2017-2021         X 

Data from the ongoing war in Gaza 

OCHA situational reports [24]     X X  X    

UNRWA situational reports [25]     X X  X    

WHO dashboard on health service 

functionality [1] 
    X       

WHO situational report [26]      X X   X  

WFP situational report/ assessment 

[27] 
        X   

MoH emergency report [28]    X X   X  X X 

The Humanitarian data exchange [29]      X      

UNRWA Supply and dispatch tracking 

[30] 
      X X    

Palestinian Red Crescent [31]        X    

United Nations Population Fund (UNFPA); United Nations Inter-Agency Group for Child Mortality Estimation (UN IGME); UN 

Maternal Mortality Estimation Inter-Agency Group (MMEIG); Ministry of Health (MoH); United Nations Relief and Works Agency 

for Palestine Refugees in the Near East (UNRWA); World Health Organization (WHO); United Nations Office for the 

Coordination of Humanitarian Affairs (OCHA); World Food Programme (WFP); United Nations International Children's 

Emergency Fund (UNICEF). 
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1.2 Population denominators 

To obtain sex- and age-specific population denominators (Table 2) we used UNFPA May 2023 estimates for 

Gaza, with some modifications, explained below. The UNFPA estimates are based on the Palestine census 

held on 1 December 2017, and provide five-year age groups for males and females separately for the age 

groups of 0-4 to 75-79, and 80+ [7]. The total population matches with the Palestine Central Bureau of 

Statistics (PCBS) projection for 2023, although the latter does not disaggregate by sex- or age-groups [8]. 

To get the proportions for each single year for children under five (i.e. to disaggregate the 0-4 age group), we 

used the 2022 PCBS estimates, which were given in single years (for those 0-4).In other words, rather than 

divide the UNFPA estimate for 0-4 years by five (i.e., multiply by 20%), we multiplied by 20.7% to get those 

aged under 1 year (0-11 months), by 20.3% to get those aged 1 (12-23 months), 20.0% for those aged two 

(24 to 35 months, 19.7% to get those aged three (36 to 47 months), and 19.3% for those aged four (48-59 

months) based on 2022 PCBS proportions. To get numbers of those under one year who under one month, 

we divided the numbers in the first year by 12. Those aged 1-11 months were the remaining difference. 

To calculate live births, we added 373 infant deaths that might have been expected to occur at the time of the 

estimate to the population of surviving infants (those aged under one) estimated for the mid-year (May 2023) 

population (n=69,721). Infant deaths were based on the United Nations Inter-Agency Group for Child Mortality 

Estimation (IGME) reports for 2021 (12.77 infant deaths per 1000 livebirths) multiplied by 5/12ths to estimate 

infant deaths for the five months from January until May (5.32 deaths per 1000 live births). This gives us 70,094 

live births in a year, 5,841 live births in a month and 192 live births in a day. Since the still birth rate for Palestine 

in 2021 was 9.4/1000 live and stillbirths [32], we can expect births (live + still) to be roughly 9.5% higher than 

live births so a total of 70,688 births (live + still). 

 

Table 2. Gaza population, UNFPA 2023 projection [7]. 

Age† 
Population 

male female total 

<1mo 2,959 2,851 5,810 

1-11mo 32,545 31,366 63,911 

12-59mo 136,078 131,258 267,336 

5-9yo 145,276 139,182 284,458 

10-14yo 141,660 135,532 277,192 

15-19yo 120,553 115,384 235,937 

20-29yo 195,265 188,511 383,776 

30-39yo 151,718 150,342 302,060 

40-49yo 90,426 91,191 181,617 

50-59yo 60,013 58,011 118,024 

60-69yo 33,911 33,943 67,854 

70-79yo 14,216 15,890 30,106 

80-100yo 3,293 5,170 8,463 

Total 1,127,913 1,098,631 2,226,544 

† (mo) month old (yo) year old.  
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2 Traumatic injuries 

2.1 Estimation of total injury deaths 

2.1.1 Projecting injury deaths in the status quo and escalation scenarios 

During the course of the war to date, the MoH in Gaza, as well as other groups, have reported numbers of 

people killed, as well as somewhat less precise number of people who may not have been accounted for in in 

these reports due to being missing, suspected to have died under rubble, or other reasons. We can therefore 

write 

 

𝐷𝑡 = 𝑝𝑐𝐷𝑡 + (1 − 𝑝𝑐)𝐷𝑡 

 

where 𝐷𝑡 is traumatic injury deaths during time unit 𝑡 (one day) and 𝑝𝑐 is the fraction of all injury deaths that 

are actually counted. Thus, 𝑝𝑐𝐷𝑡  is the number eventually reported by the MoH (𝐷𝑐,𝑡,MoH ): we show the 

distribution and trend of this quantity over the war period to date in Figure 1, Panels A-B. We referred to this 

observed trend in order to project reported deaths in the status quo and escalation scenarios. Specifically: 

▪ For the status quo scenario, we considered the daily time series of MoH-reported deaths during the 

period 15 October 2023 to 15 January 2024; 

▪ For the escalation scenario, we considered the consecutive 30-day period with the highest reported 

death toll (11 October to 10 November 2023). 

We fit null negative binomial models, offset by the log of total population, to the above time series, and sampled 

from these to project daily reported death counts under either scenario. 

Separately, we also projected the number of reported injuries using the same time windows as above and 

based on negative binomial models of MoH-reported injury caseloads. We call this quantity 𝐼𝑐,𝑡. We made a 

simplifying assumption that the reporting fraction 𝑝𝑐 is the same for deaths and injuries. We work out this 

fraction below. 

 

2.1.2 Projecting injury deaths in the ceasefire scenario 

For the ceasefire scenario, we assumed no more traumatic injuries due to active warfare, but we recognised 

and summed together two residual sources of injuries and injury mortality: 

▪ Deaths due to wounds sustained during the period to date: these are considered below; and 

▪ Deaths and injuries due to unexploded ordnance and mines. To project these quantities, we compared 

the total reported deaths and injuries during the previous (2014) war in Gaza (2251 [33] and 10,895 

[34], respectively) with the corresponding totals as estimated by us for the 2023-2024 war period to 

date: these ratios were considered a proxy of relative war intensity and thus relative exposure to 

unexploded ordnance and mines in the post-war period. For the 2014 war we also had data on the 

number of deaths and injuries during the 12 months following the war’s end (converted to daily 

amounts). We used these numbers (13 and 56 respectively [35]) and the 2023-2024 to 2014 ratios 

above to estimate the daily rate of ordnance-related injury and deaths during the projection period: 

𝐷𝑡,ordnance =
𝐷𝑡,2023-2024

𝐷𝑡,2014

𝐷𝑡,ordnance,2014  and  𝐼𝑡,ordnance =
𝐼𝑡,2023-2024

𝐼𝑡,2014

𝐼𝑡,ordnance,2014   
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Figure 1. Panel A: Distribution of daily death rates according to the MoH report, during the period to date. Panel B: 

Evolution of the daily death rate according to the MoH report, by date. Asterisks above certain bars indicate that 

the value is a linearly interpolated mean since the last date of reporting. Panel C: Comparison of the death rate 

among UNRWA staff and the general population (based on MoH reports), over time. 



Gaza projections – methods annex  `Page 12 of 74 

 

2.1.3 Estimating the reporting fraction 

In the ceasefire scenario we assumed that 𝑝𝑐 = 100%, reflecting improved security, MoH operationality and 

access to trauma care. For the other scenarios we estimated 𝑝𝑐 by comparing the death rate among UNRWA 

staff (based on their officially reported starting staff size of 11,908) with that among the general population, 

again based on MoH reports. As previously published [36, 37], we assume that UNRWA’s reporting fraction 

is 100%, and thus that the difference between the two death rates is a reasonable proxy of underreporting. 

Accordingly, we fit a beta-distributed general additive model (GAM) to the daily ratio 
𝑑𝑐,𝑡,MoH

𝑑𝑐,𝑡,UNRWA
≈ 𝑝𝑐 using the R 

mgcv package [38], excluding values before 20 October 2023, when we assumed from the similarity of the two 

sources that MoH information systems were fully operational (the beta distribution is suited to model quantities 

bounded by 0 and 1). We included two predictors in the model: (i) the MoH death rate itself (we reasoned that 

the reporting fraction would be lower, the higher the number of casualties to count) and (ii) the proportion of 

people living in government or UNRWA shelters, sourced from OCHA (we assumed that, as people moved out 

of apartment blocks into shelters, the general population death rate would decrease somewhat and/or 

reporting would become easier). The model had reasonable fit to the data (Figure 2), with an 𝑅2 of 85% and 

highly significant associations for both predictors (p < 0.001). For the projections, we used the negative 

binomial prediction of death rate (see above) and the proportion living in shelters at the end of the period to 

date as predictor values for the GAM model, and drew from the model’s resulting prediction and its standard 

error to get the projected value of 𝑝𝑐, lastly dividing projected reported deaths by 𝑝𝑐 to get the overall 𝐷𝑡. 

 

 

Figure 2. Fit of a general additive, beta-distributed regression model (green line, with shaded area indicating the 

95% confidence interval of fitted values) to the observed ratio of general population to UNRWA death rate (purple 

dots). 
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2.1.4 Age and gender distribution 

The MoH has twice published line lists of individuals who have died since the war’s start (once on 26 October 

2023 and once on 7 January 2024) [39]. We removed duplicates (based on the decedent’s registration ID) 

and missing or unclear ages and gender values from this dataset. The resulting dataset comprised of 13,140 

observations. We assumed that the age-sex distribution in this dataset would apply to traumatic injury deaths 

in our projections.  

 

2.1.5 Adjustment for non-specific injury death reporting 

We assumed that the MoH reports, which do not explicitly state cause of death, may include some people who 

died of reasons other than traumatic injury. We used the total age-specific number of daily deaths from non-

injury causes, projected as part of the other modules in this project (see subsequent chapters of this 

document), to adjust for this bias. Specifically, for each age group we multiplied this non-injury level by a 

uniform distribution between 0 and 0.5 (namely the proportion of non-injury deaths that are included in MoH 

reporting) and subtracted the result from the injury deaths projected for that same age group. We did not apply 

this adjustment to the ceasefire scenario, as we assumed that in this scenario mortality reporting would regain 

its pre-war specificity of causal attribution. 

 

2.1.6 Working out injury-caused maternal and neonatal deaths and stillbirths 

Based on the total population 𝑁 and the pre-war crude birth rate 𝑏, we expected 70,688 births 𝐵 per year, 

which, assuming a gestation period of 9 months and a post-partum period of 1.5 months over which maternal 

deaths are usually counted, correspond to 61,852 prevalent pregnant or post-partum women at any given 

time (𝐵
9+1.5

12
, or 11.3% of the reproductive age female population 𝑁𝑟, i.e. those aged 15 to 49yo). Similarly, 

the proportion who are in the stage of their pregnancy (28 weeks or beyond) during which stillbirth is typically 

counted would have been 2.9% (𝐵
9−28/40

12𝑁𝑟
). We therefore multiplied the number of projected injury deaths 

among females of reproductive age by 11.3% and 2.9% to obtain the number of maternal deaths and stillbirths 

due to traumatic injury, respectively. We assumed that non-fatal injuries would not increase the risk of stillbirth. 

Lastly, neonatal injury deaths were simply babies aged 0mo among all projected to die of injury. 

 

2.2 Distinguishing between immediate and delayed deaths 

2.2.1 Working out the proportion of immediate injury deaths 

We next wished to quantify the number of traumatic injury deaths that result from wounds, i.e. among those 

who initially survive their injury (and may or may not be able to access care). To do this, we had to estimate 

the proportion of injuries that result in immediate death, or 𝑝𝑚 . This can be done by considering only the 

subset of injuries and deaths that are reported (subscript 𝑐), as follows: 

𝐷𝑐,𝑡 = 𝐷𝑚,𝑡,𝑐 + 𝐷𝑠,𝑐,𝑡 = 𝑝𝑚𝐼𝑐,𝑡 + (1 − 𝑝𝑚) ∑ 𝐼𝑐,𝑡−𝜏𝜇𝑠,𝜏,𝑐

𝑡

𝑡−𝜏max

 

 

where 𝐷𝑚,𝑡,𝑐 = 𝑝𝑚𝐼𝑐,𝑡 is injuries that result in immediate death and 𝐷𝑠,𝑐,𝑡, its complement, is people who die 

later of wounds. Because death may occur with a variable delay 𝜏 from the time of injury, deaths now are the 
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sum of injuries sustained at all possible times in the past, multiplied by the case-fatality ratio (CFR, 𝜇𝑠,𝜏,𝑐) among 

reported injuries at the corresponding time delay since injury. We work out this CFR later. 

Over the entire period to date, we can thus sum reported deaths as follows: 

 

𝐷𝑐,𝑇 = 𝑝𝑚∑𝐼𝑐,𝑡

𝑇

𝑡=1⏟      
immediate

+ (1 − 𝑝𝑚)∑𝐼𝑐,𝑡𝜇𝑠,𝑐

𝑇

𝑡=1⏟            
die of wounds later

− (1 − 𝑝𝑚) ∑ 𝐼𝑐,𝑡𝜇𝑠,𝜏,𝑐

𝑡=𝑇

𝑡=𝑇−𝜏max⏟                
die of wounds later and after period

  , where     𝜇𝑠,𝑐 =∑𝜇𝑠,𝜏,𝑐

𝜏max

𝜏=1

 

 

The last term of the above equation is wound deaths that take place beyond the end of the period and must 

therefore be subtracted from the total for 𝑇. After rearrangement, 

 

𝐷𝑐,𝑇 = 𝑝𝑚𝐼𝑐,𝑇 + (1 − 𝑝𝑚)(𝜇𝑠,𝑐𝐼𝑐,𝑇 − ∑ 𝐼𝑐,𝑡𝜇𝑠,𝜏,𝑐

𝑡=𝑇

𝑡=𝑇−𝜏max

)

⏟                  
𝐴

 

 

We can lastly solve for 𝑝𝑚 , the proportion who die immediately: 

 

𝑝𝑚 =
𝐷𝑐,𝑇 − 𝐴

𝐼𝑐,𝑇 − 𝐴
 

 

2.2.2 Estimating the case-fatality ratio of not immediately-fatal injuries 

We defined the cumulative CFR 𝜇𝑠,𝑐 of not immediately-fatal injuries as the weighted mean of the CFR across 

different injury sites 𝑤 (e.g. head; thorax) and severity levels 𝑘 (1= mild; 2 = moderate; 3 = severe): 

 

𝜇𝑠,𝑐 = ∑∑𝜇𝑠,𝑐,𝑤,𝑘𝑝𝐼,𝑐,𝑤,𝑘

𝐾

𝑘=1

𝑊

𝑤=1

 

 

where 𝑝𝐼,𝑐,𝑤,𝑘 is the proportion of all reported injury deaths who fall within a given 𝑤, 𝑘 class. To derive these 

proportions, we combined data from (i) a line list of 217 traumatic injury patients who were medically evacuated 

from Gaza for rehabilitation care, which provided a breakdown of injury sites (Figure 3) [28] and (ii) data from 

the MoH on injuries to date and their severity (these data were last updated on 12 December 2023 and 

comprised of 50,172 cases, of whom 37.4% or 18,781 classified as mild, 31.1% or 15,597 as moderate, 

16.5% or 8254 as severe and 15.0% or 7540 of unknown severity) [28]. We back-calculated the original 

breakdown of injury sites among evacuated patients by dividing the above proportions by the injury site-

specific CFRs for the status quo period (see below), so as to approximate the true distribution of injury sites at 

the time of injury (Table 3). 
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Figure 3. Percent of medically evacuated patients, by injury location. 

 

To estimate CFRs by severity and injury site, we convened a panel of three emergency medicine physicians 

and surgeons, one of whom was performing medical procedures for the injured in Gaza during the current 

war. They were given a list of traumatic injury types using medical terminology, as shown in Table 3, and were 

asked to provide their estimates of CFR based on the values of trauma surgery and emergency care availability 

specified in each scenario (see main Report). For reference, we also provided them with CFRs expected in 

high-resource, non-war settings, based on the literature (Table 3). We assumed that mild injuries would be 

non-fatal, and weighted experts’ average CFR estimates by the relative proportion of moderate and severe 

injuries, which we assumed to be the same across injury site. 

 

Table 3. Back-calculated proportion of injury locations and corresponding expert-estimated CFRs by scenario, with 

accompanying values from the literature. 

Injury site (notes) 
Back-calculated 

proportion 

Expert-provided mean estimate of CFR Values from the literature 

[40–42] [43–54] ceasefire status quo† escalation 

Head, including 

traumatic brain injury 
27% 56% 67% 73% 

Mild / moderate brain injury: 4.3-7.6% 

Severe brain injury: 88.1% 

Spinal cord injury, paraplegia: 3% 

Spinal cord injury, tetraplegia: 22%  

Thoracic trauma: 1.4-36.4% 

Thorax 4% 8% 12% 22% 

Abdomen  5% 20% 35% 50% 

Upper extremity 5% 12% 16% 19% 
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Injury site (notes) 
Back-calculated 

proportion 

Expert-provided mean estimate of CFR Values from the literature 

[40–42] [43–54] ceasefire status quo† escalation 

Lower extremity 20% 24% 32% 38% Crush Injury leading to 

rhabdomyolysis: 20% 

Abdominopelvic trauma: 7-18% 

Junctional-central vascular trauma: 

10-45% 

Peripheral vascular trauma: 2-6% 

Open fractures: 11-22% 

Traumatic amputation: 15% 

Burns: 3-55% 

Multiple extremities 

(CFR for lower 

extremity injury 

applied) 

3% 24% 32% 38% 

Multiple locations, 

including head (CFR 

for head injury 

applied) 

22% 56% 67% 73% 

Multiple locations, 

excluding head 
14% 17% 26% 37% 

All sites (weighted 

means) 
100% 25% 32% 36% 

 

† also used as the value for the war period to date. 

 

Lastly, we distributed 𝜇𝑠,𝑐 over 𝜏 based on a large cohort [55] of North American injury survivors followed for 

up to two years post-injury, which, considering those in the cohort who eventually died of injury complications, 

provided a distribution of deaths per 𝜏. Cumulatively, 53%, 58%, 65%, 70%, 77%, 88% and 100% of all deaths 

in this study had occurred by days 15, 30, 60, 90, 180, 365 and 730 after injury. 

 

2.2.3 Projecting deaths from wounds 

For the status quo and escalation scenarios, having projected 𝐷𝑡 and 𝐼𝑡 (see above), we computed 𝐷𝑠,𝑡 simply 

as 𝐷𝑡 − 𝐼𝑡𝑝𝑚 . For the ceasefire scenario: 

▪ since a fraction of injuries during the period to date would have gone unreported (and potentially 

untreated), we computed deaths due to wounds using the following equation, where 𝜑𝜇,𝑢 is a relative 

risk (RR) of case-fatality comparing unreported and reported deaths, and which, in the absence of 

empirical evidence, we took to be uniformly distributed between 1.0 (i.e. the same CFR as for reported 

injuries) and 2.0 (twice the CFR): 

𝐷𝑠,𝑡 = ((1 − 𝑝𝑚)𝑝𝑐 + (1 − 𝑝𝑚)(1 − 𝑝𝑐)𝜑𝜇,𝑢) ∑ 𝐼𝑡−𝜏𝜇𝑠,𝜏

𝑡

𝑡−𝜏max

 

▪ for ordnance injury deaths during the ceasefire scenario we applied the proportion 
𝐷𝑠,𝑇

𝐷𝑇
⁄  during the 

period to date, also tracked while estimating 𝑝𝑚; 

▪ we then summed deaths due to ordnance wounds to deaths from wounds sustained during the period 

to date.  

 

2.3 Model implementation 

We sequenced the analysis as follows: 

1. Firstly we fitted models of reported injuries, deaths and the reporting fraction 𝑝𝑐; 

2. We then plugged the  𝑝𝑐  model into a simulation of total injuries and deaths over the war period to 

date, in each run simulating from the prediction and standard error of this model and subtracting a 
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uniformly distributed proportion of estimated non-injury deaths; we used this model to quantify all the 

parameters needed to estimate  𝑝𝑚 based on the above equation; 

3. We then simulated deaths, injuries and deaths due to wounds in the projection period, in each 

simulation drawing from model uncertainty distributions and the empirical distribution of 𝑝𝑚. 

For each simulation we performed 10,000 runs and extracted the mean and 95% percentile distribution of the 

runs. 

 

2.4 Assumptions and limitations 

The main limiting assumptions in our analysis are as follows: 

▪ We assumed that the reporting fraction is the same among injuries as among deaths. While this 

assumption could be relaxed, e.g. by estimating a system with two unknown variables, it is plausible 

that the reasons for non-reporting would be similar between injuries and deaths. However, a violation 

of this assumption could have resulted in bias; 

▪ Our estimate of the CFR among people who initially survive their injuries is largely based on a limited 

panel of experts and may thus be subject to bias: for example, if experts had perceived a need to over-

estimate CFR our estimate of the proportion dying immediately would have been under-estimated, and 

the number of deaths due to wounds over-estimated. The estimate is also based on the assumed 

distribution of injury sites, which in turn comes from a limited and possibly non-representative subset 

of cases who were referred abroad. Note however that any inaccuracy in CFR would not have affected 

our overall projections of deaths due to injury, but rather the breakdown between immediate deaths 

and subsequent deaths due to wounds; 

▪ We also assumed that the reporting fraction and proportion of immediate injuries do not vary by age 

and gender, which may be untrue (one may hypothesise, for example, that elderly people are less 

likely to be reported on); 

▪ The age and gender distribution of projected injuries is based on its distribution to date, which may be 

unrealistic if the types of weaponry, military tactics and civilian exposure change in the next months. 

▪ In the end, the projections for the status quo and escalation scenarios rely on strong assumptions 

about which time windows in the period to date to consider as the basis for these: here too, reality 

may evolve differently, underscoring our project’s inherent unsuitability for prediction, and more 

conservative focus on projecting based on explicit assumptions. 
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3 Malnutrition 

3.1 Overview of methods 

For this analysis, nutritional status is treated as a risk factor for several processes in the natural history of 

infections, non-communicable diseases (NCDs) and maternal and neonatal mortality and stillbirth. The specific 

indicators we aimed to estimate, as proxies of these risk factors, are listed in Table 4.  

 

Table 4. Nutritional indicators to be estimated, and their application in downstream modules of the analysis. 

Risk factor Indicator (one range per scenario) Application in the analysis 

Reduced caloric intake Mean reduction in caloric (Kcal) intake since the start of 

war / over the projection period, among adults aged ≥ 40 

years old . 

 

Also assumed to apply to pregnant women. 

Risk factor for maternal and neonatal 

mortality and stillbirth module (input for 

Lives Saved Tool (LiST model). 

 

Risk factor for NCD module (input for 

structured expert elicitation of increases in 

case-fatality ratio (CFR), specifically for 

individuals with cancer and diabetes. 

Increasing burden of 

acute malnutrition  

 

Prevalence of global and severe acute malnutrition (GAM, 

SAM) among children aged 6 to 59 months. 

 

GAM is defined here as a weight-for-height Z-score 

(WHZ) < -2 standard deviations (SD) from the mean of 

the World Health Organization (WHO) reference 

population [56]. 

 

SAM is defined as a WHZ < -3SD from the mean. 

Bilateral oedema is omitted from the definition: 

kwashiorkor malnutrition is assumed to be numerically 

negligible based on pre-war anthropometric data (see 

below). 

Risk factor for infections module (input for 

structured expert elicitation of increases in 

transmissibility and CFR). 

Disrupted infant and 

young child feeding 

(IYCF) practices 

Proportion of infants below six  months of age who are 

exclusively fed with breast milk. 

Risk factor for MNH module (input for 

LiST). 

 

Risk factor for infections module (input for 

structured expert elicitation of increases in 

CFR). 

 

Based on the availability of data, we implemented the following steps to project acute malnutrition prevalence: 

▪ Estimate (for the period between the start of the war and the start of the projection period: we call this 

the period ‘to date’) and project (for the projection period, divided into two equal three-month sub-

periods) the daily per-capita caloric availability from a combination of food aid being trucked into Gaza, 

pre-existing stocks, and agricultural output;  

▪ Calculate the change in daily caloric intake from baseline (∆𝐼0,𝑡) among adults aged ≥ 40yo, by gender, 

age group (40 to 49yo, 50 to 59yo, 60 to 69yo, 70 to 79yo, ≥ 80yo), and overall, relative to their 

baseline intake (𝐼0) key assumption here is that availability = intake, i.e. that all food is distributed and 

consumed, with equal quantities per person; 

▪ Apply an existing model of adult weight loss to estimate and project adult percent weight loss over 

time; and 
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▪ Assume that children experience the same relative weight loss as adults (see below) and apply this 

weight loss over time to baseline anthropometric data from routine child growth monitoring in Gaza, 

and estimate / project resulting SAM and GAM prevalence. 

The above steps were implemented for each of the three scenarios, with uncertainty in input parameters 

propagated through the analysis over 1000 simulation runs. Outputs shown below are the mean and 95th 

percentile interval of the simulation runs. 

 

3.2 Change in caloric intake 

Even after the war’s start, a proportion of Gaza’s pre-war daily caloric intake was met by a combination of 

existing stocks and agricultural output. However, farming, already a marginal contributor to food security in 

Gaza (about 12% pre-war [57]), has reportedly been severely compromised by military activity [58]. Stocks 

were reported to be largely depleted around early December [59]. We thus made assumptions about the 

evolution of these two food sources, expressed as the proportion of 𝐼0 that each source could fulfil (Table 5). 

 

Table 5. Assumed contributions from existing stocks and agricultural output, by period. Ranges indicate the 

extremes of a uniform distribution. 

Month(s) Date range Period Contribution from existing stocks (𝑝𝑠) Contribution from agriculture (𝑝𝑔) 

1 7 Oct 2023 to 6 Nov 2023 

to date 

0.75 to 1.00 0.10 to 0.15 

2 7 Nov 2023 to 6 Dec 2023 0.75 to 1.00 0.05 to 0.10 

3 7 Dec 2023 to 6 Jan 2024 0.00 to 0.25 0.05 to 0.10 

4 7 Jan 2024 to 6 Feb 2024 0.00 to 0.10 0.05 to 0.10 

5 to 10 7 Feb 2024 to 6 Aug 2024 projection 0.00 0.05 to 0.10 

 

We then estimated and projected quantities of food aid arriving into Gaza. UNRWA has reported daily numbers 

of trucks transporting food that arrived to the Rafah and Kerem Shalom crossings since 7 October [60]. We 

excluded trucks that carried water only. Missing data at the end of the period to date were imputed by 

assuming a constant daily number of trucks equal to the median over the last two weeks of the period of data 

availability. 

Each truck was assumed to carry a full load, with tonnage uniformly distributed between 14 (size of a ‘small’ 

truck according to WFP) and 16 metric tonnes (MT) (‘large’ truck); 1 MT was assumed to provide 2,100 

Kcal/day to a mean of 1,660 people (we added uncertainty of ±200 Kcal/day to this quantity) [61–63]. While 

there are reports of aid being rejected at the border, we assumed that typical UN rations would have been 

allowed through. The resulting estimated per-capita caloric availability from food aid (𝐼𝑓) were computed by 

dividing total intake by the total population 𝑁. 

During the projection period, we expressed assumed levels of food aid for each scenario as a fraction of the 

recommended daily caloric intake (generically 2,100 Kcal/day, but adjusted to 2,213 Kcal/day based on 

Gaza’s population structure [64]). Scenario assumptions are provided in Table 6. 

 

Table 6. Assumed proportions of the recommended daily intake met through food aid, by sub-period and 

scenario. 

Sub-period Ceasefire Status quo Escalation 

months 1 to 3 1.10 to 1.30 1.00 to 1.20 0.80 to 1.00 

months 4 to 6 1.10 to 1.30 1.00 to 1.20 0.80 to 1.00 
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The status quo scenario roughly assumes that, in line with aid trucked in will continue to increase to some 

extent (note however that truck numbers plateaued in late January). The ceasefire scenario portrays a situation 

in which food aid deliberately exceeds the recommended intake, thereby allowing vulnerable groups in the 

population to recover some of their lost weight. The escalation scenario illustrates the trajectory of continued 

partial starvation. 

The resulting mean daily caloric intake during the period to date was thus computed as: 

 

𝐼𝑡 = min (𝐼0(𝑝𝑠,𝑡 + 𝑝𝑎,𝑡) + 𝐼𝑓,𝑡  , 𝐼0)  

 

where 𝑡 = 1 day. It follows that ∆𝐼0,𝑡 = 𝐼𝑡 − 𝐼0 .  

Note that in the rare case that the combination of food aid and other sources exceeded 𝐼0, we took 𝐼0 as the 

maximum boundary of food intake. 

A self-weighting sample survey of NCD prevalence and risk factors was conducted among adults aged ≥ 40 

years old in Gaza during 2020 [65]. The survey collected individual characteristics including weight (to the 

nearest 0.1 Kg), height (in cm), gender, age (in years) and current average daily caloric intake (in Kcal/day). 

Of the 4,576 survey observations, 380 (8.3%) had missing weight, height, age, gender or caloric intake, and 

were thus removed, leaving 4,196 in the analysis. We assumed the surveyed quantities remained constant up 

to 6 January 2023, i.e. provided a robust baseline of 𝐼0 and other parameters (see below). With agreement 

from survey investigators, we publish aggregate rather than individual data from the survey, namely mean food 

intake and anthropometric measures by 10-year age group. These aggregate data, when weighted by relative 

age group size, provide almost identical estimates to those obtained from individual observations, and R scripts 

used in the analysis thus use aggregate data only. 

 

3.3 Weight loss among adults 

We used a mechanistic model of weight loss among adults, developed by Hall et al. [66] and validated within 

North American populations. The model estimates the trajectory of individual weight as a function of baseline 

body weight and fat mass, height, age, gender and ∆𝐼0,𝑡. We retained values of other metabolic parameters 

used by Hall et al., including energy consumption due to the thermic effect of food and external activities 

(mostly sedentary conditions). Baseline fat mass is computed within the model itself based on age, gender, 

height and weight. In line with Hall et al., we estimated the time-dependent resting metabolic rate, another 

model input, using the equations of Miffllin and St Jeor [67].  

 

3.4 Prevalence of acute malnutrition in children 

Before the war, UNRWA collected electronic data from routine growth monitoring visits of children in Gaza 

(note that all children are targeted for monitoring, not just those presenting to health facilities for illness). We 

had access to the 2019 growth monitoring dataset, which we restricted to the most recent visit for each child 

and ages 6 to 59 months. The data made public is an aggregate of the growth monitoring data.  

Of the 150,060 child growth monitoring observations, 123 (0.1%) had missing age, gender, height/length or 

weight, and were thus removed, leaving 149,937 in the analysis. For computational efficiency, we worked with 

a random sub-sample of 10,000 observations, which we checked had negligible deviations from the full dataset 
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in terms of SAM and GAM prevalence. We assumed this reduced dataset provided baseline anthropometry 

for children in Gaza. 

We computed the weight-for-height/length Z-score (WHZ) for each child using the anthro R package, 

developed by WHO and consistent with the WHO Growth Standards [56]. We excluded flagged observations 

(Z-score <> 5SD) from computation of GAM and SAM prevalence. For each day included in the analysis, we 

applied the mean time-varying percent weight loss estimated among adults to this dataset of children, and 

recalculated WHZ and GAM / SAM prevalence. Children have a higher energy expenditure per capita than 

adults, so it may be assumed that their rate of weight loss would be greater than that of adults. On the other 

hand, it is plausible that caregivers would prioritise feeding their children over themselves. To represent these 

counteracting factors, we applied a uniformly distributed relative risk of 0.7 to 1.3 to the percent weight loss 

among adults. 

 

3.5 Exclusive breastfeeding 

We conducted a rapid literature review of changes in exclusive breastfeeding prevalence comparing the pre-

crisis and crisis periods in the Middle East. We considered both peer-reviewed articles and grey literature 

reports. Search terms included [breastfeeding AND (crisis OR war OR (acute) forced displacement) internally 

displaced people / persons / IDP]. We graded evidence as summarised in the Data source chapter. Table 7 

summarises studies included in the review. 

 

Table 7. Prevalence of exclusive breastfeeding among children aged under 6mo in comparable crisis settings. 

Country 

(type of crisis) 

Pre-crisis Crisis 
Notes 

Evidence 

grading Prevalence Year Prevalence Year 

Iraq (war) [68] -- -- 21% 2006-2011 Each additional casualty 

per 1000 persons 

associated with a 2.7% 

decline in exclusive 

breastfeeding 

prevalence 

+++ 

Iraq (war) [69] -- -- 7% less likely to be 

breastfed in high 

versus low conflict 

intensity districts 

Children born 

after 2003. 

Children born from 2000 

to 2006 

+++ 

Lebanon (war) 

[70] 

44-52% (South 

Lebanon) 

2006  

(before 

the war) 

5-13% (South 

Lebanon) 

2006  

(two months after 

the war started) 

 + 

 

Lebanon 

(explosion) [71] 

59.6% n/a 7.7% (siblings) 2020 Mothers interviewed 

after 4 August 2020 

blast (retrospective for 

siblings) 

+ 

 

Syria (war) [72] 42.6% 

(national) 

2009 30.9% (Aleppo) 

32.6% (Idleb) 

2017  ++ 

 

Syrians in 

Lebanon 

(displacement 

due to war) [73] 

42.6% 

(pre- 

displacement) 

2009 25% 

(Syrian refugees in 

Lebanon) 

2013 

 

Syrian refugees living in 

Lebanon 

+ 

 

To project the prevalence of exclusive breastfeeding in Gaza during the analysis period, we computed the 

median and 50% quantile of the relative prevalence ratio (crisis: non-crisis) in the above studies and applied it 

as multiplying factor to the pre-war exclusive breastfeeding prevalence in Gaza (41.6%) [74]. 
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3.6 Limitations 

We identified the following important limitations of our analysis of nutritional status: 

▪ There is considerable uncertainty on the actual amount of food that is in fact being allowed into Gaza: 

not all food assistance is transported via the United Nations (though they are the main supplier) and 

the tonnage of trucks is at best an approximation of actual quantities brought in; 

▪ Food that arrives into Gaza must then be equitably distributed to the population, ideally on a need 

basis. However, food truck access to the north of Gaza has been curtailed [75] and, more generally, 

we could not access data on actual food distributions. While it is reasonable to assume that, in a 

situation of scarcity, all food would have been distributed, it is unclear to what extent those most in 

need were prioritised or indeed reached; 

▪ The model of weight loss among adults haves been validated in North American populations, but key 

inputs such as resting energy expenditure may differ according to the region of the world [76], and so 

may the key relationships among variables in the model, which have also been parameterised based 

on statistical models of largely European and North American adults; 

▪ We make a key assumption that the percent weight loss experienced by adults is also experienced by 

children, though we partly relax this assumption by introducing uncertainty. We searched extensively 

for literature on weight loss among starving children, but did not find consistent reports with which to 

parameterise a child-specific model or establish the validity of extrapolating from adults. While children 

who receive insufficient food will lose weight, it is less clear how fast this will occur, and to what extent 

the context (e.g. exposure to infectious diseases) will influence this loss. 

Taken together, the above limitations may introduce considerable unquantified inaccuracy in our projections, 

though it is not clear whether any bias would result, as each limitation carries plausible over- as well as under-

estimation effects. It is likely however that, rather than the uniform picture our analysis produces, pockets of 

particularly dire food insecurity and nutritional status have been emerging in the Gaza Strip and will continue 

to, particularly among people who are cut off from relief and not in relatively accessible UNRWA shelters. 
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4 Infectious diseases 

4.1 Analysis scope 

Table 8 lists the infectious diseases included within the scope of estimation. For this analysis, stable 

transmission is defined as a relatively constant secular trend in terms of the number of infections per year, with 

or without a seasonal peak. An epidemic is defined as the occurrence of at least three chains (generations) of 

uninterrupted transmission of the pathogen within the general population, excluding instances of sustained 

transmission within specific groups such as hospitalised patients. 

 

Table 8. Infectious diseases (pathogens) included within the scope of projections. 

Included in Gaza 

routine vaccination 

schedule [77]? 

Main route of 

transmission 

Infectious diseases with epidemic 

potential 

Infectious diseases with stable 

transmission, i.e. ‘endemic’ (W = highly 

seasonal) 

yes 

Airborne-droplet 

Diphtheria (Corynebacterium 

diphtheriae) 

Pertussis (Bordetella pertussis) 

Measles (measles virus) 

Haemophilus influenzae type b disease 

(Haemophilus influenzae type B) 

Pneumococcal disease (Streptococcus 

pneumoniae) 

COVID-19‡ (SARS-CoV-2 virus) 

Faecal-oral 
Polio (wild-type poliovirus type 1 

and 3) 
Rotavirus disease (rotavirus) (W) 

no 

Airborne-droplet 

Meningococcal meningitis 

(Neisseria meningitidis types A, C, 

W or Y)† 

Influenza†, para-influenza (human 

influenza, para-influenza viruses) (W) 

Respiratory syncytial virus disease, RSV 

(respiratory syncytial virus) (W) 

Faecal-oral 

Bacterial dysentery (Shigella 

dysenteriae type 1) 

Cholera (Vibrio cholerae) 

Hepatitis A (hepatitis A virus) 

Hepatitis E (hepatitis E virus) 

Polio (vaccine-derived poliovirus 

type 2) 

Typhoid fever (Salmonella typhi) 

Bacterial gastroenteritis other than 

epidemic-prone causes (Salmonella 

typhimurium, Escherichia coli, Clostridium 

difficile, Campylobacter jejuni, Shigella 

spp.) 

Viral gastroenteritis other than rotavirus 

(adenovirus, astrovirus, norovirus) (W) 

† Vaccination only recommended for vulnerable groups. ‡ Unclear status of vaccination coverage post-2022, with low uptake 

up to 2022. 

 

By contrast, the following infections are excluded from the scope of estimation (the reason for this is provided 

in parentheses): 

▪ Tuberculosis, HIV, sexually transmitted infections (very low prevalence at baseline for tuberculosis and 

HIV and low case-fatality for sexually transmitted infections); 

▪ Hepatitis B, Hepatitis C (long time horizon of disease progression and mostly beyond the project’s 

timeline); 

▪ Mumps, rubella, rabies, chickenpox (low case-fatality or transmissibility); 

▪ Tetanus (neonatal tetanus is covered in the maternal and neonatal health (MNH) module through 

antenatal care and safe delivery parameter inputs; tetanus secondary to infected injuries is covered in 

the injuries module); 

▪ Other neonatal infections (also covered by MNH module); and 
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▪ Vector-borne infections (none are known to pose a substantive threat given entomological conditions 

in Gaza; the baseline burden of vector-borne infections was practically zero given MoH surveillance 

data). 

Antimicrobial resistance (AMR) is also excluded from estimation due to (difficulty in separating deaths due to 

AMR from those due to infection as a primary cause, at least as specified in our model framework (see below)). 

Concerns about the spread of AMR due to the war in Gaza have nonetheless been expressed [78].  

 

4.2 Susceptibility estimates 

4.2.1 Infections included in the routine vaccination schedule 

To correctly parameterise models for epidemic and endemic infections (below), we required robust estimates 

of susceptibility to infection and disease at the start of the crisis and over the projection periods. For infectious 

agents that are included in Gaza’s routine vaccination schedule, we developed an age-structured dynamic 

cohort model to track the evolution of immunity over time based on past and projected vaccination coverage, 

natural exposure to infection, vaccine effectiveness estimates and the rate of immunity waning post 

vaccination. Age was stratified by month for the first 24 months and by year until 6 years old, then as follows: 

6 to 9 years, 10 to14 years, 15 to19 years, 20 to 29 years, 30 to 39 years, 40 to 49 years, 50 to 59 years, 60 

to 69 years, 70 to 79 years, and ≥ 80 years. 

Figure 4 shows a simplified representation of the model for a few age groups and a single pathogen. Briefly, 

children are born into either the 𝑀  (maternally immune) or 𝑆  (susceptible compartment) based on 

susceptibility in the reproductive age group and a birth rate 𝑏. Children lose their maternal immunity at a rate 

𝑚. They also receive their routine vaccinations as they age, moving to compartment 𝑉𝜆 (people with vaccine-

induced immunity against infection) based on the product of 𝑐 , vaccination coverage, and 𝑓𝜆 , vaccine 

effectiveness against infection; vaccination is non-specific, i.e. immune children are also vaccinated. 

Vaccination may also occur later in life, as booster doses. Further, all susceptible compartments experience 

infection based on a fixed force of infection 𝜆. 

 

Figure 4. Diagram showing states and flows in the population immunity model, for a single pathogen. For brevity, only a few 

age groups are shown. 
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We also track compartment 𝑉𝜎 (people with vaccine-induced immunity against development of disease, but 

not infection) as the product of 𝑐 and 𝑓𝜎, vaccine effectiveness against severe disease. We assume that 𝑤 is 

the same for protection against infection and protection against disease. 

We make a few further simplifications: 

▪ A single waning rate applies to natural and vaccine-acquired immunity; 

▪ Waning time is negative-exponentially distributed with rate 𝑤 = 𝑇waning
−1, the inverse of the mean 

duration (in years) of functional protection; 

▪ We assume the duration of maternal immunity protection to be 𝑇M = 6  months, which roughly 

corresponds to the observed mean duration of exclusive breastfeeding in Gaza, and estimates of this 

parameter for different vaccines and infections. All infants lose their maternal immunity at seven 

months; 

▪ Outside of waning, vaccine effectiveness is constant across age; 

▪ Ageing in the model follows an exponential model and vaccinations occur as a proportion of those 

ageing into the relevant age group per the given vaccine schedules; 

▪ All vaccines behave according to the ‘all-or-nothing’ model, i.e. people are either fully protected 

against infection or disease or not at all; and 

▪ People acquire vaccine-derived immunity when they complete the full age-appropriate priming 

regimen, with subsequent booster doses returning them to the same level of protection. 

Table 9 lists the set of differential equations quantifying the evolution of each model compartment over time. 

Vaccine effectiveness and waning estimates from the literature are summarised in Table 10. 

 

Table 9. Differential equations governing the flow of people into and out of different immunity compartments and age groups. 

Age group Equation† 

Susceptibles (𝑆𝑎): 

neonates (0mo) 
𝑑𝑆𝑎
𝑑𝑡

= 𝑏𝑡 (
𝑆15−44𝑦𝑜
𝑁15−44𝑦𝑜

) + 𝑅𝑎,𝑡𝑤 − 𝑆𝑎,𝑡(𝜆𝑎,𝑡 + 𝛼𝑎 + 𝑑𝑎) 

≥ 7mo (when 

maternal immunity 

ends) 

𝑑𝑆𝑎
𝑑𝑡

= (𝑆𝑎−1,𝑡  +  𝑀𝑎−1,𝑡) × 𝛼𝑎−1𝜌𝑢 + (𝑅𝑎,𝑡 + 𝑉𝑎,𝑡)𝑤 − 𝑆𝑎,𝑡(𝜆𝑎,𝑡 + 𝛼𝑎 + 𝑑𝑎) 

all other age groups 
𝑑𝑆𝑎
𝑑𝑡

= 𝑆𝑎−1,𝑡𝛼𝑎−1𝜌𝑢 + (𝑅𝑎,𝑡 + 𝑉𝑎,𝑡)𝑤 − 𝑆𝑎,𝑡(𝜆𝑎,𝑡 + 𝛼𝑎 + 𝑑𝑎) 

oldest age group 
𝑑𝑆𝑎
𝑑𝑡

= 𝑆𝑎−1,𝑡𝛼𝑎−1𝜌𝑢 + (𝑅𝑎,𝑡 + 𝑉𝑎,𝑡)𝑤 − 𝑆𝑎,𝑡(𝜆𝑎,𝑡 + 𝑑𝑎) 

Naturally immune (𝑅𝑎): 

neonates 
𝑑𝑅𝑎
𝑑𝑡

= (𝑆𝑎,𝑡 + 𝑉𝜎,𝑎,𝑡)𝜆𝑎,𝑡 − 𝑅𝑎,𝑡(𝑤 + 𝛼𝑎 + 𝑑𝑎) 

all other age groups 
𝑑𝑅𝑎
𝑑𝑡

= 𝑅𝑎−1,𝑡𝛼𝑎−1𝜌𝑢 + (𝑆𝑎,𝑡 + 𝑉𝜎,𝑎,𝑡)𝜆𝑎,𝑡 − 𝑅𝑎,𝑡(𝑤 + 𝛼𝑎 + 𝑑𝑎) 

oldest age group 
𝑑𝑅𝑎
𝑑𝑡

= 𝑅𝑎−1,𝑡𝛼𝑎−1𝜌𝑢 + (𝑆𝑎,𝑡 + 𝑉𝜎,𝑎,𝑡)𝜆𝑎,𝑡 − 𝑅𝑎,𝑡(𝑤 + 𝑑𝑎) 

Immune following vaccination (𝑉𝜆,𝑎): 

1mo 
𝑑𝑉𝜆,𝑎
𝑑𝑡

= (𝑆𝑎−1,𝑡 +𝑀𝑎−1,𝑡 + 𝑅𝑎−1,𝑡  +  𝑉𝜎,𝑎−1,𝑡)𝜌𝜆 − 𝑉𝜆,𝑎,𝑡(𝑤 + 𝛼𝑎 + 𝑑𝑎) 

 2-6mo 
𝑑𝑉𝜆,𝑎
𝑑𝑡

= 𝑉𝜆,𝑎−1,𝑡𝛼𝑎−1 + (𝑆𝑎−1,𝑡 +𝑀𝑎−1,𝑡 + 𝑅𝑎−1,𝑡  +  𝑉𝜎,𝑎−1,𝑡)𝜌𝜆 − 𝑉𝜆,𝑎,𝑡(𝑤 + 𝛼𝑎 + 𝑑𝑎) 

older ages 
𝑑𝑉𝜆,𝑎
𝑑𝑡

= 𝑉𝜆,𝑎−1,𝑡𝛼𝑎−1 + (𝑆𝑎−1,𝑡 + 𝑅𝑎−1,𝑡   +  𝑉𝜎,𝑎−1,𝑡)𝜌𝜆 − 𝑉𝜆,𝑎,𝑡(𝑤 + 𝛼𝑎 + 𝑑𝑎) 

oldest age group 
𝑑𝑉𝜆,𝑎
𝑑𝑡

= 𝑉𝜆,𝑎−1,𝑡𝛼𝑎−1 + (𝑆𝑎−1,𝑡 + 𝑅𝑎−1,𝑡   +  𝑉𝜎,𝑎−1,𝑡)𝜌𝜆 − 𝑉𝜆,𝑎,𝑡(𝑤 + 𝛼𝑎) 
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Immune to disease following vaccination but not infection (𝑉𝜎,𝑎): 

 1mo 
𝑑𝑉𝜎,𝑎
𝑑𝑡

= (𝑆𝑎−1,𝑡 +𝑀𝑎−1,𝑡 + 𝑅𝑎−1,𝑡 )𝜌𝜎 − 𝑉𝜎,𝑎,𝑡(𝑤 + 𝛼𝑎 + 𝑑𝑎) 

 2-6mo 
𝑑𝑉𝜎,𝑎
𝑑𝑡

= 𝑉𝜎,𝑎−1,𝑡𝛼𝑎−1(𝜌𝑢 + 𝜌𝜎) + (𝑆𝑎−1,𝑡 +𝑀𝑎−1,𝑡 + 𝑅𝑎−1,𝑡  )𝜌𝜎 − 𝑉𝜎,𝑎,𝑡(𝑤 + 𝛼𝑎 + 𝑑𝑎) 

older ages 
𝑑𝑉𝜎,𝑎
𝑑𝑡

= 𝑉𝜎,𝑎−1,𝑡𝛼𝑎−1(𝜌𝑢 + 𝜌𝜎) + (𝑆𝑎−1,𝑡 + 𝑅𝑎−1,𝑡 )𝜌𝜎 − 𝑉𝜎,𝑎,𝑡(𝑤 + 𝛼𝑎 + 𝑑𝑎) 

oldest age group 
𝑑𝑉𝜎,𝑎
𝑑𝑡

= 𝑉𝜎,𝑎−1,𝑡𝛼𝑎−1(𝜌𝑢 + 𝜌𝜎) + (𝑆𝑎−1,𝑡 + 𝑅𝑎−1,𝑡 )𝜌𝜎 − 𝑉𝜎,𝑎,𝑡(𝑤 + 𝑑𝑎) 

Maternally immune (𝑀𝑎): 

neonates 
𝑑𝑀𝑎
𝑑𝑡

= 𝑏𝑡 (1 −
𝑆15−44𝑦𝑜
𝑁15−44𝑦𝑜

) −  𝑀𝑎,𝑡(𝛼𝑎 + 𝑑𝑎) 

1-6mo 
𝑑𝑀𝑎
𝑑𝑡

= 𝑀𝑎−1,𝑡𝛼𝑎−1𝜌𝑢 −𝑀𝑎,𝑡(𝛼𝑎 + 𝑑𝑎) 

† Where 𝜌𝜆   =  𝑐𝑡,𝑎 × 𝑓𝜆, 𝜌𝜎   =  𝑐𝑡,𝑎 × (1  − 𝑓𝜆) × 𝑓𝜎
′, and 𝜌𝑢   =  1  −  𝜌𝜆   − 𝜌𝜎 to model vaccinations giving protection against infections, disease 

only, and vaccine failures combined with non-vaccination. Also, 𝑓𝜎
′ =

𝑓𝜎 − 𝑓𝜆

1 − 𝑓𝜆
 to account for protection against breakthrough infections. 

 

Table 10. Estimates of vaccine schedule effectiveness and waning used in the immunity tracking model. 

Infectious disease / 

vaccine 
Parameter† 

Central 

estimate 

Lower 

bound 

Upper 

bound 
Schedule and other specifications 

Sources 

used 

Diphtheria (as part of 

pentavalent vaccine) 

𝑓𝜆 0.600 0.510 0.680 3 infant doses at months 2, 4, and 6; booster 

around year 6. 

[79, 80] 

𝑓𝜎 0.810 0.740 0.860 [80] 

𝑤 0.007 0.004 0.009 After priming doses. [81] 

Pertussis (whole-cell, 

as part of 

pentavalent vaccine) 

𝑓𝜆 0.830 0.600 0.920 3 infant doses at months 2, 4, and 6. Includes 

effect on infectiousness to others. 

[82]  

𝑓𝜎 0.940 0.880 0.970 Effectiveness in the first 5 years of life against 

WHO definition of severe pertussis. 

[83, 84] 

𝑤 0.043 0.034 0.059 After priming doses. [85] 

Measles (as part of 

MMR) 

𝑓𝜆 0.850 0.250 0.970 Dose 1 at 12mths, dose 2 at 18mths. [86] 

𝑓𝜎 0.941 0.883 0.983 [87] 

𝑤 0.009 0.005 0.016 After priming doses. Based on antibody waning. [88] 

Polio wild-type 1 or 3 

/ IPV-OPV sequential 

𝑓𝜆 0.817 0.387 0.940 IPV: 2 infant doses at months 1 and 2; OPV: 3 

infant doses at months 2, 4, and 6 with 

boosters at 18mths and around year 6. 

Based on faecal shedding after OPV challenge. 

[89, 90] 

𝑓𝜎 0.800 0.750 0.950 Paralytic poliomyelitis.  [91, 92] 

𝑤 0.050 0.033 0.067 After priming doses. Very limited data; made 

assumptions based on cited studies. 

[93–95] 

Polio vaccine-derived 

cVPD2 / IPV-OPV 

sequential 

𝑓𝜆 0.220 0.180 0.422 Shedding after mOPV2 challenge as the proxy. [96, 97] 

𝑓𝜎 0.800 0.750 0.950 Paralytic poliomyelitis. [91, 92] 

𝑤 0.050 0.033 0.067 After priming doses. Very limited data; made 

assumptions based on cited studies. 

[93–95] 

Haemophilus 

influenzae type B (as 

part of pentavalent 

vaccine) 

𝑓𝜆 0.600 0.500 0.800 3 infant doses at months 2, 4, and 6. [98, 99] 

𝑓𝜎 0.180 -0.020 0.330 Radiologically confirmed pneumonia. [100] 

𝑓𝜎 0.940 0.780 0.980 Meningitis. [101, 102] 

𝑤 0.067 0.050 0.100 After priming doses. Very limited data; made 

assumptions based on cited studies. 

[103–105]  

Pneumococcal 

conjugate vaccine 

(10-valent) 

𝑓𝜆 0.560 0.410 0.720 2 infant doses at months 2, 4; dose 3 at month 

12. Protection against carriage among toddlers. 

[106, 107] 

𝑓𝜎 0.350 0.260 0.430 Radiologically confirmed pneumonia. [108, 109] 

𝑓𝜎 0.920 0.580 0.990 Meningitis, other invasive disease. [110] 

𝑤 0.120 0.090 0.200 Based on schedule with a booster in year 2. 

Waning may be faster without a booster [111]. 

[111, 112] 
 

Rotavirus (1-valent), 

ROTAVAC 

𝑓𝜆 0.390 0.160 0.570 3 infant doses at months 2, 4, and 6. 

Based on household transmission studies. 

[113] 

𝑓𝜎 0.889 0.809 0.935 Hospitalisations  (‘developed country’ model). [114, 115]  
𝑤 0.285 0.000 0.494 After priming doses. [116, 117]  

† 𝑓𝜆: vaccine effectiveness against infection. 𝑓𝜎 : vaccine effectiveness against severe disease. 𝑤: waning rate per year. 

https://www.sciencedirect.com/science/article/abs/pii/S0264410X03000070
https://doi.org/10.1093/cid/ciw051
https://doi.org/10.1093/cid/ciy633
https://doi.org/10.1016/j.vaccine.2017.07.019
https://doi.org/10.1016/j.vaccine.2017.07.019


Gaza projections – methods annex  `Page 27 of 74 

4.2.2 Other infections 

Table 11 summarises starting susceptibility assumptions made for infections not included in Gaza’s pre-war 

vaccination programme. For certain endemic infections (COVID-19, influenza and para-influenza, RSV, other 

bacterial gastroenteritis) we make no susceptibility assumptions in this iteration of the model (see below). 

 

Table 11. Baseline susceptibility assumptions made for infectious diseases not included in the vaccination 

schedule. 

Category Infectious disease 

Assumed % immune 

against infection and 

disease 

Justification 

Endemic 

Other bacterial gastroenteritis 

No assumption 
We assumed that the crisis has not resulted in 

reductions in immunity to these pathogens. 

COVID-19 

Influenza, para-influenza 

Other viral gastroenteritis 

RSV 

Epidemic 

Bacterial dysentery (Shigella 

dysenteriae type 1) 
0% 

Likely to be circulating in Gaza based on non-zero 

reporting of shigellosis cases by the MoH pre-war, 

but at a low level. 

Cholera 0% 
No known circulation in Gaza during the past 

decade. 

Hepatitis A 

neonates (0mo): 80% 

1 to 11mo: 60% 

12 to 59mo: 80% 

5 to 9yo: 93% 

older ages: 95% 

Initial maternally acquired immunity followed by 

rapid, near-universal exposure in childhood. Values 

approximated from seroprevalence studies in 

Palestine [118] and from nearby countries [119]. 

Hepatitis E 0% 
No known circulation in Gaza during the past 

decade. 

Meningococcal meningitis 0% 

While N. meningitidis does circulate in Gaza, it is 

likely based on mortality data that transmission 

intensity is low. 

Typhoid fever 0% 
Low level of transmission in previous years (≈ 15 

cases reported per year between 2016 and 2022). 

 

4.2.3 Model implementation 

We ran the model from January 2000 to the present, using historical crude birth and death rates. Death rates 

were distributed across age groups based on the death rates by age group in 2019 and 2022 as reported by 

the Ministry of Health (Gaza) [12, 120–122]. We had to make assumptions about the force of infection (FoI) 

that susceptible people were exposed to during the model period. The MoH reported no recorded cases of 

polio and diphtheria, so we assumed there was no naturally acquired immunity to these diseases. To capture 

naturally acquired immunity to other infections, we assumed a fixed annual FoI. Surveillance for measles and 

Hib disease captured small outbreaks during 2000-2023, so we used yearly incidence rates to inform force of 

infection (FoI). Due to lack of specific surveillance, we assumed force of infections of 500, 37 (or 50% 

cumulative by age 5 years), and 9 per 1000 for pertussis, pneumococcus, and rotavirus respectively, based 

on surveillance studies from Gaza or elsewhere [123, 124]. Due to uncertainty around these assumptions, we 

also performed a sensitivity analysis, finding that initial susceptibility to pertussis infection ranged from 30% 

under a scenario with no background infection to 10% under the assumed FoI. Rotavirus susceptibility was 

above 75% until FoI was increased above 0.365, where susceptibility was estimated to be around 50%. 
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4.3 Epidemics model 

4.3.1 General framework 

All epidemic-prone pathogens under consideration can be modelled using a Susceptible - Exposed - Infectious 

- Recovered (SEIR) framework [125], represented in Figure 5. The terms ‘exposed’ and ‘recovered’ mean 

infected but not yet infectious, and immune due to natural or vaccine-induced exposure, respectively. Over 

the short timeframe of the projection period, it is reasonable to assume zero waning of immunity back into the 

susceptible compartment, though this will occur for some pathogens (e.g. cholera) with time. Transitions 

among compartments are governed by 𝜆, the force of infection (incidence acting on susceptibles), 𝜌, the rate 

of transition out of the pre-infectious state (where 𝜌−1 is the mean pre-infectious period) and 𝛾, the rate of 

transition out of the infectious state (where 𝛾−1 is the mean duration of infectiousness). 

 

Figure 5. Schematic representation of a susceptible-exposed-infectious-recovered model. 

 

We model deaths attributable to epidemics of each disease as realisations of a SEIR transmission dynamics 

process, conditional on a binomial probability of an epidemic occurring during the projection period 𝑇 : 

 

Bin(𝑝𝑢,𝑇)

{
 

 
1, 𝐷𝑢,𝑎,𝑇 = ∫ 𝑓SEIR,𝑡(𝑁𝑎, ℛ0,𝑢,𝑡 , 𝜌𝑢, 𝛾𝑢 , 𝑆𝜆,𝑎,𝑡=0, 𝜗𝑢, 𝜇𝑢,𝑎,𝑡, 𝑆𝜗,𝑎,𝑡=0)

𝑡=𝑇

𝑡=0

0,𝐷𝑢,𝑎,𝑇 = 0

 

 

where 𝑝𝑢,𝑇 is the probability of an epidemic during the period; 𝑁𝑎 is population; ℛ0,𝑢,𝑡 is the basic reproduction 

number and is allowed to vary over time; 𝑆𝜆,𝑎,𝑡=0  and 𝑆𝜗,𝑎,𝑡=0 = 𝑁𝑎 − 𝑉𝜗,𝑎,𝑡=0  is the number of people 

susceptible to infection and disease, respectively, as estimated above; 𝜗𝑢 is the proportion of infections that 

result in symptomatic disease; and 𝜇𝑢,𝑎,𝑡 is CFR, also time-varying. 

Specifically, we computed deaths over each time step by multiplying incident infections by the proportion 

symptomatic and CFR, corrected for the time-dependent probability of being immune to severe disease, 

conditional on not being immune to infection: 

 

𝑑𝐷𝑎

𝑑𝑡
=
𝑑𝐸𝑎

𝑑𝑡
𝜗𝑢𝜇𝑎,𝑡

𝑆𝜗,𝑎,𝑡

𝑆𝜆,𝑎,𝑡
 , where  𝑆𝜗,𝑎,𝑡 = 𝑆𝜗,𝑎,𝑡=0 − ∫

𝑑𝐸𝑎

𝑑𝑡
 

𝑡

0
 

 

The dependency of some of the above parameters on specific crisis-emergent risk factors and health service 

disruptions is summarised in Table 12. 

 

𝑆 
(susceptible) 

𝐸 
(pre-infectious) 

𝐼 
(infectious) 

𝑅 
(immune) 

𝜆 𝜌 𝛾 
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Table 12. Risk factors and health service disruptions relevant to the transmissibility and case-fatality of infections 

(other than increased susceptibility due to reduced vaccination coverage). 

Parameter Description 

Risk factor Health service disruptions to… 

Susceptibility 

(modelled) 

Already 

circulating? 

Inadequate 

WASH 

Deteriorating 

nutrition 

Over-

crowding, 

poor 

shelter 

Outpatient 

curative 

care 

Inpatient 

antimicrobial 

treatment 

Inpatient 

respiratory 

support 

Inpatient 

rehydration 

𝑝𝑢,𝑡 
Probability of 

an epidemic 
X X X X X X    

ℛ0,𝑢,𝑡 

Basic 

reproduction 

number 

 

 

X X X X    

𝜇𝑢,𝑎,𝑡  

CFR of 

symptomatic 

cases 

  

 X  X X X X 

 

4.3.2 Model implementation 

For each pathogen 𝑢, we implemented an age-structured SEIR model with the following age groups: 0 months, 

1- to 11 months, 12- to 59 months, 5- to 14 months, 15- to 19 months, and thereafter ten-year age groups 

with the oldest age group being ≥ 80yo. We ignored births, deaths and aging due to the short model timeframe. 

We extracted estimates of 𝜌 and 𝛾 from the literature (see Table 13). The force of infection 𝜆 was computed 

assuming transmissibility ℛ0 𝛾⁄  (where ℛ0  is the basic reproduction number) and a heterogeneous age-

specific contact structure, for which we used the R socialmixr [126] package to upload and prepare a contact 

matrix previously estimated among a population of camp-based internally displaced persons in Somaliland: to 

our knowledge this constitutes the only available dataset of social contact structure among displaced people 

[127] (Figure 6). Lastly, we initialised the 𝐼𝑎,𝑡=0 compartment as 1 per million population per age group, with 

𝐸𝑎,𝑡=0 = 0 and 𝑅𝑎,𝑡=0 = 𝑁𝑎 − 𝑆𝜆,𝑎,𝑡=0 − 𝐼𝑎,𝑡=0. 

We used the R package epidemics [128] to implement multiple runs of each disease-specific SEIR model over 

daily time increments, and compute cumulative infections at the end of the projection period. For each 

simulation, we propagated uncertainty as follows: 

▪ We sampled from an empirical distribution of 𝑝𝑢, the probability of an epidemic occurring during the 

6-month projection period (see below for how this was estimated), and drew a random binomial 

realisation from the sampled 𝑝𝑢 value to decide whether an epidemic would in fact take place during 

the period; 

▪ Conditional on an epidemic taking place, we selected a random starting day for the epidemic within 

the projection period; 

▪ We sampled from empirical distributions of ℛ0 and 𝜇𝑎 (the age-specific CFR) obtained as described 

below, with values specific to each sub-period (months 1 to 3, months 4 to 6); and from a uniform 

distribution of the range of 𝜗𝑢, the proportion of symptomatic infections, sourced from the literature 

(see Table 13) 

 

We implemented 10,000 simulation runs and computed the mean and 95% percentile interval of cumulative 

deaths. All epidemic-attributable deaths are counted as excess mortality, due to the absence of major 

epidemics in Gaza over the decade prior to the war. 
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Table 13. Estimates of the pre-infectious and infectious period and of the proportion of symptomatic infections, by 

infectious pathogen. 

Infectious disease 

Pre-infectious period 

(𝜌−1, days) 

Infectious period 

(𝛾−1, days) 
Proportion of symptomatic infections (𝜗) 

value sources value sources minimum maximum sources 

bacterial dysentery (S. 

dysenteriae type 1) 
2.0 [129] 27.0 [130] 0.188 0.450 [131, 132] 

cholera 1.4 [133] 5.0 [134, 135] 0.108 0.589 [136] 

diphtheria 1.4 [80] 12.8 [80] 0.700 0.700 [80] 

hepatitis A 16.0 [137] 21.0 [137] 0.090 0.700 [138, 139] 

hepatitis E 34.0 [140] 40.0 [140] 0.300 0.540 [141] 

measles 10.0 [142] 8.0 [137] 0.750 0.960 [143] 

meningococcal meningitis 2.0 [144] 12.0 [144] 0.000 0.329 [145] 

pertussis 9.0 [129, 137] 16.0 [129, 137] 0.700 0.950 [146] 

polio - vaccine-derived 
4.0 [147] 16.8 [147] 0.005 0.020 [148, 149] 

polio - wildtype 

typhoid fever 10.0 [150] 28.0 [151] 0.583 0.980 [129, 152] 

 

 

Figure 6. Number of daily contacts between age groups, based on van Zandvoort et al [127]. 

 

 

4.4 Endemic infections model 

4.4.1 General equation 

For each endemic infection 𝑢 and age group 𝑎, we estimated mortality during the period to date and projection 

periods as a function of a counterfactual baseline drawn from pre-war data (see below), multiplied by relative 

risks of transmission 𝜑𝜆,𝑢,𝑡  and case-fatality 𝜑𝜇,𝑢,𝑡, with adjustment for the seasonal pattern of incidence 𝜔𝑢,𝑡, 

as follows: 

 

𝐷𝑢,𝑎,𝑡 = 𝐷𝑢,𝑎,base𝜔𝑢,𝑡𝜑𝜆,𝑢,𝑡𝜑𝜇,𝑢,𝑡 
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Specifically, 𝜑𝜆,𝑢,𝑡 and 𝜑𝜇,𝑢,𝑡  are the ratios of, respectively, ℛ0,𝑢 and CFR during the crisis to ℛ0,𝑢 and CFR 

under the counterfactual baseline, while 𝜔𝑢,𝑡 is the ratio of cases expected during the calendar month that 𝑡 

falls within to the mean number of cases per month over a typical calendar year. 

While seasonality is assumed to be crisis-independent, as for epidemics we recognise that several risk factors 

and health service disruptions may combine to determine 𝜑𝜆,𝑢,𝑡  and 𝜑𝜇,𝑢,𝑡  (Table 12). Reduced immune 

protection against infection and disease would also affect 𝜑𝜆,𝑢,𝑡  and 𝜑𝜇,𝑢,𝑡 , respectively if the disease is 

targeted by the routine vaccination programme. However, for the current projections we assume that these 

reductions are negligible (see main Report, Annex), and that herd immunity built up over the past years of very 

high vaccination coverage would largely protect the most vulnerable. In future projections, we plan to relax 

these assumptions and explicitly introduce estimated susceptibility. 

 

4.4.2 Counterfactual mortality 

Pre-war trends in the number of deaths due to infections are shown in Figure 7. All are assumed to be due to 

endemic infections. We fitted a negative binomial model of this count, offset by ln𝑁 and with the proportion of 

deaths due to COVID-19 as the single explanatory variable. The model had reasonable fit to the data (Figure 

7), and we used it to forecast a counterfactual (no war) value of infectious disease deaths in 2023 and 2024, 

setting the percent due to COVID-19 at 30%, consistent with COVID-19 proportional mortality in England and 

Wales during the first half of 2023 [153]. This provided a counterfactual level of all-age deaths. 

 

Figure 7. Number of deaths due to infectious diseases per year, by cause (COVID-19 or other). Source: Ministry 

of Health, Gaza. The blue dots and error bars denote, respectively, the mean and 95%CI of a negative binomial 

model fit to the data. 
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4.4.3 Age- and disease-specific distribution of mortality 

We distributed deaths by specific disease and among age groups based on available pre-war data from the 

Gaza Strip, or, if unavailable, the West Bank. Pre-war, data from 2017 showed that infectious disease deaths 

were overwhelmingly due to airborne-droplet transmitted infections, with only 7 deaths cumulatively due to 

gastroenteritis or other mostly faecal-oral route transmitted pathogens (an alternative source, the Global 

Burden of Disease project, estimated that 20-25 would occur per year, still a small minority of the total). 

Accordingly, we assumed that on an annualised basis 𝐷𝑢,𝑎,base in the war to date and projection periods would 

be split into 30% due to COVID-19 (see above), with the remaining 70% divided between other airborne-

droplet diseases (95% of 70% = 66%) and faecal-oral diseases (5% of 70% = 4%).  

We then divided these above proportions by disease and age groups based on observational or disease 

burden modelling studies of Gaza, where available, the West Bank alternatively, or, as a last resort, the Middle 

East region: these values are shown in Table 14. 

 

Table 14. Assumed disease-specific and age distribution of baseline endemic infectious disease mortality. 

Infectious 

disease 

Proportion 

of deaths 
Source 

Age distribution of mortality Source 

<1 

mo 

1-11 

mo 

12-59 

mo 

5-9 

yo 

10-14 

yo 

15-19 

yo 

20-29 

yo 

30-39 

yo 

40-49 

yo 

50-59 

yo 

60-69 

yo 

70-79 

yo 

≥80 

yo 
 

Airborne-droplet other than COVID-19 (66%) 

Hib disease 0.00 [154] 0.100 0.600 0.300 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 [155] 

pneumococcal 

disease 
0.50 [156] 0.002 0.023 0.096 0.024 0.015 0.010 0.022 0.035 0.051 0.088 0.151 0.189 0.295 [156] 

RSV 0.13 [157] 0.011 0.124 0.520 0.152 0.008 0.008 0.000 0.024 0.000 0.016 0.023 0.040 0.073 [158] 

influenza, para-

influenza 
0.37 

all other 

deaths 
0.000 0.003 0.014 0.030 0.015 0.019 0.061 0.131 0.138 0.249 0.069 0.110 0.160 [158] 

Airborne-droplet, COVID-19 (30% 

COVID-19 0.30 see text 0.000 0.000 0.010 0.000 0.000 0.000 0.013 0.023 0.033 0.082 0.191 0.293 0.355 
[159, 

160] 

Faecal-oral (4%) 

rotavirus 0.20 [161] 0.010 0.113 0.473 0.030 0.029 0.025 0.040 0.031 0.019 0.012 0.007 0.165 0.046 [162] 

other viral 

gastroenteritis 
0.40 [162] 0.010 0.113 0.473 0.030 0.029 0.025 0.040 0.031 0.019 0.012 0.007 0.165 0.046 [162] 

bacterial 

gastroenteritis 
0.40 [162] 0.100 0.600 0.300 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 [162] 

 

4.4.4 Seasonality 

We reviewed MoH data or, failing this, observational studies from Gaza, the West Bank or the Middle East to 

divide annual caseload (and thus mortality) into monthly fractions, as shown in Table 15. 

 

Table 15. Assumed proportion of annual cases occurring within a given calendar month. 

Infectious disease 
Proportion of annual cases occurring within a given month Source 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec  

Airborne-droplet transmitted 

Hib disease  0.083 0.083 0.083 0.083 0.083 0.083 0.083 0.083 0.083 0.083 0.083 0.083 No evidence of 

seasonality [154] 

pneumococcal 

disease  

0.083 0.083 0.083 0.083 0.083 0.083 0.083 0.083 0.083 0.083 0.083 0.083  No evidence of 

seasonality [158] 
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Infectious disease 
Proportion of annual cases occurring within a given month Source 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec  

RSV  0.316 0.140 0.158 0.111 0.022 0.009 0.007 0.007 0.007 0.002 0.033 0.187  [158] 

COVID-19† 0.154 0.523 0.042 0.003 0.001 0.001 0.184 0.089 0.003 0.000 0.000 0.000  [159] 

Influenza, para-

influenza  

0.338 0.163 0.137 0.054 0.022 0.004 0.001 0.001 0.003 0.005 0.031 0.240  [158] 

Faecal-oral transmitted 

rotavirus  0.083 0.083 0.083 0.083 0.083 0.083 0.083 0.083 0.083 0.083 0.083 0.083  No evidence of 

seasonality [163] 

other viral 

gastroenteritis  

0.083 0.083 0.083 0.083 0.083 0.083 0.083 0.083 0.083 0.083 0.083 0.083 No data: assumed no 

seasonality 

bacterial 

gastroenteritis  

0.083 0.083 0.083 0.083 0.083 0.083 0.083 0.083 0.083 0.083 0.083 0.083 No data: assumed no 

seasonality 

† Observed seasonal pattern may reflect transition between pandemic and endemic conditions and ongoing emergence of new variants. 

 

4.4.5 Model implementation 

We implemented 10,000 runs of the endemic infections model, each time sampling from the prediction of the 

negative-binomial model of baseline (counterfactual) deaths and the distributions of 𝜑𝜆,𝑢,𝑡  and 𝜑𝜇,𝑢,𝑡  (see 

below for how these quantities were computed). In each run, we calculated excess deaths as  

𝐷𝑢,𝑎,𝑡 −𝐷𝑢,𝑎,base. We computed the mean and 95% percentile intervals of run outputs. 

 

4.5 Sources of transmissibility and case-fatality estimates 

4.5.1 Structured expert elicitation 

To implement models for epidemics and endemic infections, we required estimates of several quantities not 

directly estimable from available data: the probability of an epidemic occurring 𝑝𝑢, the basic reproduction 

number ℛ0,𝑢 and the age-specific CFR 𝜇𝑢,𝑎, which in turn are needed to construct the 𝜑𝜆,𝑢,𝑡 and 𝜑𝜇,𝑢,𝑡 RRs 

needed for the endemic infections model. 

We used structured expert elicitation (SEE) [164], combined with values from the literature, to help quantify 

these parameters. Seven infectious disease experts were invited via email to answer an online structured 

questionnaire on the ODK platform after consenting to participate in the study. The panel was provided with 

information related to the three scenarios (see main Report), which included information on current and 

estimated future values of infection-relevant risk factors (including our projections of acute malnutrition and 

breastfeeding prevalence: see previous chapter) and health service disruptions. After the presentation of each 

scenario, they were asked for their best estimates of the following: the probability of an epidemic occurring 

during the next six months for each epidemic-prone pathogen included in analysis; the basic reproductive 

number of measles and cholera, and the CFR of symptomatic measles and cholera cases. Experts were also 

provided with information on the occurrence and timing of epidemics in past crises (see  Appendix), and on 

the published range of both ℛ0,𝑢  and CFR 𝜇𝑢 . Measles and cholera were selected as exemplars of two 

transmission routes, namely airborne-droplet and faecal-oral respectively, since these share key 

commonalities including risk factors and (mostly) treatment requirements (antibiotics and respiratory support 

for the former; antibiotics and rehydration for the latter). This was done to avoid an unmanageably long 

questionnaire and pre-empt repetitive or uninformative answers.  

For each quantity, experts were asked to provide estimates for three probability quintiles: their lowest-

reasonable estimates (10th percentile, or ‘ there is a <10% chance that the value is even lower’), most-likely 

(50th percentile) and highest-possible (90th percentile, or ‘there is a <10% chance that the value is even 

higher’), for the two subperiods of the projection period (1-3 months and 4-6 months). Experts were also asked 
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to answer 10 so-called ‘calibration’ questions in order to assess expert reliability, using the same 10-50-90% 

scheme: these questions concerned key infection parameters and have a strongly evidence-based answer. 

The answers to the calibration questions were used to generate calibration and information scores for each 

expert, as shown by Cooke et al. [164] and in an online course. The two scores were multiplied together to 

generate a weight for each expert, and compute weighted mean probability distributions for each elicited 

parameter, as shown in Figure 8, Figure 9 and Figure 10. 

 

Figure 8. Probability of an epidemic in the next 6 months, according to the SEE experts under the three scenarios. 

The thick line represents the weighted aggregated value, used in the subsequent models. 

https://ocw.tudelft.nl/courses/decision-making-under-uncertainty-introduction-to-structured-expert-judgment/
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Figure 9. Basic reproductive numbers for cholera (representative disease of faecal-oral transmission diseases) 

and measles (representative disease for airborne droplet transmission diseases) for two sub-periods of the 

projections in the 3 scenarios, according to the SEE experts. The thick line represents the weighted aggregated 

value, used in the subsequent models. 

 

Figure 10. case-fatality ratios of symptomatic cases of cholera (representative disease of faecal-oral transmission 

diseases) and measles (representative disease for airborne droplet transmission diseases) for two sub-periods of 

the projections in the 3 scenarios, according to the SEE experts. The thick line represents the weighted 

aggregated value, used in the subsequent models. 
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For measles ℛ0,𝑢 specifically, we found that experts provided values that were similar or lower than plausible 

estimates pre-war, based on European and North American cities (12 to 18). After consultation with a separate 

group of infectious disease experts, we decided to override the elicitation panel and revise the distribution of  

ℛ0,measles  as Runif(16,20) , Runif(20,24)  and Runif(24,28)  for the ceasefire, status quo and escalation 

scenarios during months 1-3, and Runif(18,22), Runif(22,26) and Runif(26,30) respectively during months 

4-6. 

 

4.5.2 Transmissibility estimates 

For measles and cholera, we directly sampled the empirical cumulative probability distributions of ℛ0,𝑢 as 

computed above during epidemic simulations (with the revised measles values). For other epidemic-prone 

pathogens, we quantified the projected ℛ0,𝑢 based on their published range, and the relative position on this 

range that corresponded to the relative position of their exemplar disease’s ℛ0,𝑢 . For example, for diphtheria 

 

ℛ0,diphtheria = ℛ0,diphtheria,min + (ℛ0,diphtheria,max −ℛ0,diphtheria,min)
Rand[ECDF(ℛ0,measles)]

(ℛ0,measles,max −ℛ0,measles,min)
 

where the minimum and maximum values are taken from the published literature (Table 16). 

For endemic infections, we pre-defined a plausible range within which the pre-war (subscript base) theoretical 

transmissibility of both exemplar diseases would lie. For measles, we took the published range of ℛ0  in 

European and North American cities (i.e. ℛ0,measles,base = 12 to 18) [165], while for cholera we reasoned that 

baseline transmissibility would have been just below the minimum values estimated during actual cholera 

outbreaks, shown in Table 16 (ℛ0,cholera,base = 0.8 to 1.0); this reflects the observation that in the Middle East, 

cholera has only taken hold in crisis-affected settings and not where public health services were functional 

[166–169]. We then computed each simulation run’s 𝜑𝜆,𝑢,𝑡 as 
Rand[ECDF(ℛ0,measles,SEE)]

Runif(ℛ0,measles,base,min,ℛ0,measles,base,max)
 for all airborne-

droplet transmitted infections, and 
Rand[ECDF(ℛ0,cholera,SEE)]

Runif(ℛ0,cholera,base,min,ℛ0,cholera,base,max)
 . 

 

Table 16. Values of the basic reproduction number, for each epidemic-prone pathogen. 

Infectious disease 
Minimum Maximum 

value source notes value source notes 

bacterial dysentery (S. 

dysenteriae type 1) 
1.100 [170] US outbreaks, but of S. sonnei 2.200 [170] US outbreaks, but of S. sonnei 

cholera 1.110 [171] Zimbabwe 2.730 [171] Zimbabwe 

diphtheria 1.700 [80] Synthesis of various studies 7.100 
[172] 

[173]  

Mean of two refugee camps, 

Bangladesh 

hepatitis A 1.100 [174] USA 2.700 [138] children in China 

hepatitis E 2.110 [175] Uganda 8.500 [140] Refugees in Uganda 

measles 6.000 [176] 
Systematic review of 

outbreaks 
32.000 [176] outbreaks 

meningococcal meningitis 1.310 [177] Italy 2.500 [178] Nigeria 

pertussis 5.500 [179] Europe 17.000 [180] Systematic review 

polio - vaccine-derived 1.620 [181] Latest polio outbreak in Israel 12.000 [182] Afghanistan, Pakistan 

polio - wildtype 1.620 [181] Latest polio outbreak in Israel 12.000 [182] 

Fully reverted vdPV seems to 

have similar transmissibility as 

wPV [183]. 

typhoid fever 2.800 [151] 
no variability found in the 

literature 
2.800 [151] 

no variability found in the 

literature 

https://bmcmedicine.biomedcentral.com/articles/10.1186/s12916-019-1288-7
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4.5.3 Case-fatality parameters 

We did not make any rectifications to SEE-derived CFR distributions, and sampled from these as described 

above, with the same scaling as for transmissibility to come up with values for the other epidemic-prone 

pathogens or 𝜑𝜇,𝑢,𝑡 . During SEE, we asked experts to specify the CFR while thinking of the age group 12 to 

59mo, which we took as the reference. We computed the CFR for other age groups based on published 

estimates of their relative difference from this reference group (Table 17). 

 

Table 17. Estimates of case fatality ratio of symptomatic cases, by age and by pathogen. 

Infectious 

disease 

Case-fatality ratio (%) Relative risk, compared to the 12-59mo category 

Source 
minimum 

(source) 

maximum 

(source) 

<1 

mo 

1-11 

mo 

12-59 

mo 

5-9 

yo 

10-14 

yo 

15-19 

yo 

20-29 

yo 

30-39 

yo 

40-49 

yo 

50-59 

yo 

60-69 

yo 

70-79 

yo 

≥80 

yo 

bacterial 

dysentery 
0.6 [184] 7.4 [184] 1.72 1.72 1 0.69 0.69 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 [185] 

cholera 0.5 [186] 10.0 [186] 1.00 1.00 1 1.00 1.00 1.00 1.00 1.00 1.80 1.80 3.00 3.00 3.00 [187] 

diphtheria 5.0 [80] 50.0 [80] 1.00 1.00 1 0.34 0.34 0.34 0.42 0.42 0.42 0.42 0.42 0.42 0.42 [80] 

hepatitis A 0.02 [188] 1.8 [129] 1.00 1.00 1 1.00 1.00 1.00 1.35 1.35 7.89 7.89 14.88 14.88 14.88 [189] 

hepatitis E 1.6 [190] 6.8 [190] 1.00 1.00 1 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
[191, 

192] 

measles 0.1 [193] 10.0 [193] 1.00 1.00 1 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 [193] 

meningococcal 

meningitis 
0.0 [194] 50.0 [194] 1.00 1.00 1 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 [194] 

pertussis 0.7 [195] 15.0 [195] 3.70 3.70 1 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 [196] 

polio - vaccine-

derived 
6.0 [197] 40.0 [197] 0.90 0.90 1 2.00 2.20 3.60 3.60 4.70 4.70 4.70 4.70 4.70 4.70 [198] 

polio - wildtype 6.0 [197] 40.0 [197] 0.90 0.90 1 2.00 2.20 3.60 3.60 4.70 4.70 4.70 4.70 4.70 4.70 [198] 

typhoid fever 0.6 [199] 8.9 [199] 1.00 1.00 1 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 [199] 

 

4.6 Limitations 

The following key limitations are noteworthy when interpreting findings from the infectious disease analysis: 

▪ Both the epidemic and endemic models relied on a large number of disease-related parameters, from 

transmissibility to infectious periods to disease progression, that all carry some uncertainty, especially 

for diseases that, unlike measles, cholera or COVID-19, have been less well characterised in the 

literature. We did not have time and resources to conduct systematic reviews of all these parameters, 

though we relied on reviews where available. While it is unlikely that error in the parameters would 

have resulted in considerable systematic bias overall (i.e. it is implausible that we would have over- or 

under-estimated parameter values across all diseases), we have not fully represented this uncertainty 

in our estimates, especially for parameters, such as age distributions, that were held fixed; 

▪ The immunity tracking analysis is reliant on robust assumptions about vaccine effectiveness and prior 

force of infection. The latter was difficult to estimate, though it is unlikely, based on sensitivity analysis, 

to have biassed our findings. For some older-generation vaccines, effectiveness is not particularly well-

documented; moreover, we held effectiveness fixed rather than varying it to allow for uncertainty in 

published reports; 

▪ The SEIR models of epidemics are relatively simplistic, and do not account for two aspects: (i) spatial 

heterogeneity (for example, it is plausible that there would be pockets of particularly high susceptibility 

or transmissibility in the worst-off communities in Gaza, among whom transmission and mortality might 

be a lot higher than our Gaza-scale model can capture); and (ii) interventions that may be implemented 
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to control epidemics, e.g. reactive vaccination against cholera (we did however incorporate availability 

of curative care in our scenarios); 

▪ The critical link between malnutrition and infectious disease risk was insufficiently featured in our 

analysis, and relied solely on elicitation experts’ incorporating the acute malnutrition and breastfeeding 

projections into their judgment, alongside many other risk factors: it is unclear to what extent experts 

were able to sufficiently weigh malnutrition in their estimates; 

▪ Generally, SEE produced implausible estimates of transmissibility for one of the two exemplar 

diseases, suggesting problems with the presentation of the questions or their understanding. In future 

iterations of the method, experts may need to receive more explicit and clear instructions or may need 

more support in the form of pre-briefings to fully comprehend the information and what is being asked 

of them. 
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5 Maternal and neonatal health 

5.1 Analysis scope 

This module quantifies the potential effects of disruptions in maternal and neonatal health services, 

deteriorations in the environment, and increasing food insecurity on maternal, neonatal, and stillbirth mortality 

under the three scenarios (see main Report), using the Lives Saved Tool (LiST; www.livessavedtool.org) to 

project excess deaths [200]. Specific estimation targets are outlined in Table 18. 

 

Table 18. Mortality outcomes (maternal, neonatal and stillbirth) and sub-causes of death included in this module 

and used in our models. Deaths due to war injuries and infectious diseases were estimated elsewhere. 

Outcome Definition Sub-causes of death 

Additional 

maternal 

deaths 

Number of maternal deaths from any cause related to or 

aggravated by pregnancy or its management during 

pregnancy and childbirth or within 42 days of termination of 

pregnancy (direct or indirect maternal deaths, but excluding 

deaths from co-incidental causes, such as war injuries and 

deaths linked to any infectious disease epidemics that might 

occur). 

Antepartum haemorrhage, postpartum 

haemorrhage, hypertensive diseases of 

pregnancy, sepsis, miscarriage, 

obstructed labour, ectopic pregnancy, 

other maternal causes of death. 

Additional 

neonatal 

deaths 

Number of deaths of live born babies during the first 28 

completed days of life (excluding war injuries but also 

deaths linked to any infectious disease epidemics that might 

occur). 

Birth asphyxia, prematurity, 

sepsis/pneumonia, congenital anomalies, 

tetanus, diarrhoea, all other causes of 

death.  

Additional 

stillbirths  

Number babies born without signs of life at gestation of 28 

weeks or more. 

Antepartum, intrapartum. 

 

We consider the following population groups:  

▪ Pregnant or recently delivered women of reproductive age (15-49 years old); 

▪ Neonates (0- to 27 days); and  

▪ Foetuses of 28+ weeks gestation (at risk of stillbirth). 

 

5.2 General approach 

Singh and colleagues’ framework for understanding the drivers of maternal, neonatal and stillbirth deaths 

groups drivers into distal, intermediate, and proximate factors [201]. Distal factors include geographic, social, 

economic, and political factors (including conflict) that influence the underlying epidemiology and the 

intermediate and proximate risk factors for ill-health and mortality. Intermediate factors include health systems 

and services, as well as household circumstances, behavioural norms/decisions and individual health status 

and need. An important distinction from other disease modules is that maternal health status can affect the 

health status and needs of the foetus or newborn. The framework shows that distal and intermediate health-

system factors work either by influencing underlying health status and risk factors, or by changing the coverage 

of specific health promotive, preventative, or curative behaviours or interventions (proximate drivers), which 

in turn lead to or prevent ill-health or mortality. This approach aligns with the LiST model which we used as 

described below [200]. 

The war in Gaza has impacted distal, intermediate, and proximate factors. The heavy bombardment and 

ground war have led to direct conflict-related fatalities, while economic collapse, environmental degradation 

http://www.livessavedtool.org/
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(e.g. poorer WASH and shelter and more over-crowding) and growing food insecurity have increased the 

prevalence of risk factors for ill-health and death. Contacts with health services are declining as health facilities 

stop functioning or become less safe to access, while shortages of health staff and commodities are eroding 

the coverage of effective interventions and behaviours. These factors will increase the numbers and rates of 

maternal and neonatal deaths and stillbirths.  

 

5.3 The Lives Saved Tool method 

5.3.1 General description 

Our main approach for projecting excess deaths in this module was to use LiST to estimate the additional 

maternal, neonatal, and stillbirth deaths in Gaza above a pre-war baseline (before October 2023) that are 

likely to stem from reductions in the coverage of maternal and neonatal interventions and deteriorations in 

environmental conditions and food security. 

As with Singh et al’s framework, LiST assumes mortality rates and the structure of cause-of-death change only 

in response to changes in intervention coverage or in levels of risk factors. More distal variables, such as 

wealth, will operate through increasing coverage of interventions or reducing risk factors. LiST assumes that 

causes do not change dynamically, and that any differences will stem solely from changes in intervention 

coverage and risk factors.  

LiST was initially developed in 2003 to estimate the impact of scaling-up community-based interventions on 

child mortality. Currently, LiST uses linear and fixed relationships between inputs and outputs (deterministic 

model) to estimate the effects of simultaneous changes in coverage of 77 interventions along the reproductive, 

maternal, newborn, and child health (RMNCH) continuum of care, including all World Health Organization 

(WHO) recommended interventions. The primary inputs are levels and sub-causes of mortality, and changes 

in the coverage of interventions. The outputs are changes in cause-specific mortality (maternal and neonatal 

mortality and stillbirths). The relationship between an input (e.g. a change in intervention coverage) with one 

or more outputs is specified in terms of the efficacy of the intervention in reducing the probability of the 

outcome. LiST models were built using a hierarchy of evidence on the effect of interventions on mortality. The 

ideal estimates of effect were taken from meta-analyses or systematic reviews of individually randomized 

placebo-controlled trials of the effect of interventions on cause-specific mortality. When such estimates were 

not available, estimates of efficacy were derived from natural experiments or expert elicitation (such as Delphi 

methods).  

The data, methods, and assumptions of LiST have been previously published [200]. As of mid-January 2024, 

LiST has been referenced in over 2,360 publications. A 2017 review showed the tool had been used for 

evaluation, strategic planning, and advocacy [202], Most applications quantified the effect of increases in 

coverage of effective interventions (e.g. effect of increases in the prevalence of exclusive breastfeeding on 

reduced neonatal deaths) [203], but some measured the effect of decreases in coverage (e.g. projecting the 

effects of decreases in use of MNH services due to COVID-19 on increased deaths of mothers and neonates 

[204].  

In this module, we focused on decreases in the coverage of preventive and curative interventions in pregnancy, 

childbirth, and the postnatal period caused by the war, on the main causes of maternal and neonatal mortality 

and stillbirth.  
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Table 19. shows the main interventions considered and the broad groups they affect. An interactive website 

shows which specific sub-cause of maternal or neonatal death or stillbirth each intervention works against (link). 

Annex, Figure 14 shows a static version of the same. 

Intervention 
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Antenatal care 
        

 Antenatal care (at least 1 visit) 
 

X X X 0.99 0.60 0.25 0.15 
 Antenatal care (at least 4 visits) 

  
X X 0.96 0.50 0.20 0.10 

 TT - Tetanus toxoid vaccination 
 

X X 
 

0.99 0.99 0.99 0.99 
 Iron supplementation 

 
X 

  
1.00 0.50 0.20 0.10 

 Syphilis detection and treatment ANC1 
 

X X 0.89 0.60 0.40 0.20 
 Hypertensive disorder case management ANC4 X 

 
X 0.85 0.70 0.60 0.50 

 Diabetes case management ANC4 
  

X 0.84 0.70 0.60 0.50 

Health Facility Childbirth Care 
        

 Health facility delivery (HFD) 
 

X X X 0.99 0.90 0.80 0.50 
 Caesarean delivery 

 
X X X 0.27 0.27 0.18 0.12 

 Blood transfusion HFD X 
  

0.88 0.80 0.50 0.30 
 Assisted vaginal delivery HFD X X X 0.89 0.80 0.50 0.30 
 Manual removal of placenta HFD X 

  
0.91 0.80 0.50 0.30 

 Removal of retained products of conception HFD X 
  

0.90 0.80 0.50 0.30 
 Induction of labour for pregnancies lasting 41+ wks. HFD 

  
X 0.87 0.60 0.20 0.10 

 Antibiotics for preterm PROM HFD X X 
 

0.96 0.60 0.20 0.10 
 Antibiotics for maternal sepsis HFD X 

  
0.96 0.60 0.20 0.10 

 MgSO4 for eclampsia HFD X 
  

0.96 0.60 0.20 0.10 
 Uterotonics for postpartum haemorrhage HFD X 

  
0.98 0.60 0.20 0.10 

 Immediate drying and additional stimulation HFD 
 

X 
 

0.99 0.80 0.65 0.50 
 Thermal protection HFD 

 
X 

 
1.00 0.80 0.65 0.50 

 Clean cord care HFD 
 

X 
 

0.99 0.80 0.65 0.50 
 Clean birth environment HFD X X 

 
0.97 0.80 0.65 0.50 

 Neonatal resuscitation HFD 
 

X 
 

0.94 0.60 0.40 0.20 

Breastfeeding 
        

 Exclusive breastfeeding <1 months 
  

X 
 

0.55 0.36 0.36 0.23 
 Predominant breastfeeding <1 months 

  
X 

 
0.09 

   

 Partial breastfeeding <1 months 
  

X 
 

0.34 
   

 Not breastfeeding <1 months 
  

X 
 

0.03 0.22 0.22 0.35 

Curative neonatal care         

 ORS - oral rehydration solution   X  0.25 0.15 0.08 0.02 

 Antibiotics for treatment of dysentery   X  0.19 0.11 0.06 0.01 

 Oral antibiotics for pneumonia   X  0.77 0.46 0.23 0.06 

 Injectable antibiotics for neonatal sepsis HFD  X  0.96 0.60 0.20 0.10 

Water and sanitation indicators (WASH) 
        

 Basic sanitation (latrine or toilet) 
  

X 
 

0.99 0.10 0.01 0.01 
 Point-of-use filtered water 

  
X 

 
0.02 0.02 0.01 0.01 

 Piped water 
  

X 
 

0.03 0.03 0.01 0.01 
 Hand washing with soap 

  
X 

 
0.95 0.20 0.35 0.60 

Food security as caloric restriction 
        

 % households with food insecurity via calorie restriction 
  

X X 0.44 0.48 0.57 0.61 

Blue shaded interventions are linked to health facility delivery (HFD) and commodities; Orange shaded: linked to HFD and ANC; Green 

shaded: linked to HFD and manual procedures that require staff with skills; Pink shaded: linked to HFD and other specific (paediatrician and 

neonatologist). Note: The interventions calculated via contact such as HFD or antenatal care (ANC) visits, the value in the row represents the 

level of readiness to deliver the intervention. The final coverage of these interventions was calculated as the product of contact and readiness. 

 

 

https://listvisualizer.org/
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LiST links with a demographic projections model (DemProj) to estimate deaths resulting from changes in 

cause-specific mortality rates. The equation below describes the calculation for the effects of changes in 

coverage of interventions on cause-specific mortality [205]:  

 

𝑅𝑖,𝑗,𝑎,𝑡 = [𝐼𝑖,𝑗,𝑎 × (𝐶𝑖,𝑎,𝑡 − 𝐶𝑖,𝑎,0) / (1 − 𝐼𝑖,𝑗,𝑎,0 × 𝐶𝑖,𝑎,0)] × 𝐴𝐹𝑖,𝑗,𝑎  

 

where 𝑅 is the proportional change in mortality from cause of death 𝑗 for population caused by intervention 𝑖 at 

time t (𝑅𝑖,𝑗,𝑎,𝑡 ). The efficacy of each intervention is 𝐼𝑖,𝑗,𝑎  . The change in the coverage of intervention 

is (𝐶𝑖,𝑎,𝑡   −  𝐶𝑖,𝑎,0) and 𝐴𝐹𝑖,𝑗,𝑎  is the affected fraction describing the proportion of the cause-specific death that 

is susceptible to the intervention. There is an added term which adjusts for unrealized potential impact: 

(1  −  𝐼𝑖,𝑗,𝑎,0  ×  𝐶𝑖,𝑎,0). 

In our case, since coverage of more than one intervention is scaled down, the model first calculates the 

mortality increase for the reduction in the first intervention alone, and then the second intervention acts on the 

remaining mortality, the third intervention acts on yet remaining mortality etc. The total impact does not depend 

on the order of the intervention. 

Total impact is thus the product of the impact of each intervention: 

 

𝑅𝑖, 𝑗, 𝑡 = 1 − (1 − 𝑅1,𝑗,𝑎,𝑡) × (1 − 𝑅2,𝑗,𝑎,𝑡) × (1 − 𝑅3,𝑗,𝑎,𝑡) × (1 − 𝑅4,𝑗,𝑎,𝑡) 

 

LiST assumes no secular trends of mortality rates and allows that the changing coverage of one intervention 

may affect multiple causes-of-death. However, multiple interventions acting on the same cause are applied 

sequentially as described above.  

The uncertainty analysis tool in LiST uses randomly sampled ranges around the model’s inputs to estimate the 

uncertainty around the models’ outputs. For the analysis, we included uncertainty for all five categories of 

model inputs: efficacy of interventions, mortality rates, sub-causes of death, relative risk of interventions on 

risk factors, and incidence of severe diseases. In general, beta distributions were used for effectiveness of 

interventions, correlated normal distributions for mortality rates, Dirichlet distributions for sub-causes of death, 

and log-normal distributions for relative risks. The plausibility bound was set at 95% (i.e. the ranges of sampled 

model inputs used). The iteration was set at 400 (i.e. we sampled the model’s inputs 400 times). We assumed 

no correlations between the model inputs. We did not look at uncertainty in the coverage estimates.  

 

5.3.2 Parameters used in the Lives Saved Tool 

We estimated changes in maternal, neonatal and stillbirth deaths due to changes in the (1) coverage of single 

interventions; (2) prevalence of exclusive breastfeeding; (3) indicators of improved water and sanitation; and 

(4) an indicator of household food security. The complete list of definitions, sources and baseline indicator 

levels is available in the “Lives saved MNC” spreadsheet. We anticipated that levels of most of our indicators 

would deteriorate and decline, leading to increased numbers of deaths.  

We modelled three scenarios based on varying levels of deterioration (ceasefire, status quo, escalation). We 

ran the analysis and projected the excess deaths per month, for 1-3 months and 3-6 months, and cumulated 

over the entire 6 months, starting from 7 February 2024.  
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Changes in coverage of interventions and exclusive breastfeeding 

Pre-war (before 7 October 2023), there were good input data on contacts with key services (antenatal care 

(ANC) 1+, ANC4+, health facility delivery (HFD)), and on the coverage of some single interventions (e.g. 

caesarean section). Other interventions such as exclusive breastfeeding in the first month, could be 

approximated from measures of the coverage of exclusive breastfeeding in first 6 months. Yet others, such as 

management of hypertension during pregnancy or use of uterotonics to manage postpartum haemorrhage, 

were estimated based on ANC1+ and ANC4+ or HFD (and outpatient care) respectively. The proportion then 

getting the individual interventions was estimated by intervention. Because we were unable to find a Health 

Facility Assessment (HFA), Service Provision Assessment (SPA), or Service Availability and Readiness 

Assessment (SARA) for Gaza pre-war, we used regional defaults from LiST.  

When we needed to estimate coverage for the status quo scenario (15-October to 15-January), we used data 

on the current functionality of healthcare facilities (ANC and HFD) published by WHO in the Health cluster 

[206] to roughly approximate changes in contacts with ANC and HFD services for the North and Central/South 

regions, assuming 20 percent of the population was distributed in the North, and the remainder in the 

Central/South.  

To estimate changes in coverage of specific interventions among those contacting ANC, HFD and outpatient 

health services, we grouped the specific interventions into (a) those that were commodity-led (general 

commodities and those likely to be donor supported (e.g. MgSO4 or iron supplementation respectively); (b) 

those that were primarily manual and required skilled providers (e.g., manual removal of placenta or neonatal 

resuscitation); (c) those related to the availability of outpatient care (e.g., treatment of neonatal sepsis); and 

(d) those related to women’s behaviours (e.g., exclusive breastfeeding for 1 month). 

The decrease in exclusive breastfeeding in the first month was estimated as described in the Malnutrition 

module.  

 

Deterioration in WASH 

The decrease in WASH indicators followed what was implemented in scenario section of the main report.  

 

Increase in food insecurity 

LiST includes food insecurity as a household level indicator, meaning it assumes all household members 

(including neonates and pregnant women) have the same level of food security. Food insecurity is a risk factor 

for neonatal small-for-gestational age at birth (SGA), stunting, wasting, and stillbirth. We assumed that 

balanced energy protein (BEP) supplementation completely removed the risk of SGA and stillbirth for food 

insecure pregnant women. Given that the participants recruited for BEP trials were mostly food insecure, with 

a marginal nutritional status or low body mass index (BMI), we considered the control group in BEP trials to 

be food insecure and the intervention group (who received BEP) to be food secure. We then compared the 

SGA and stillbirth rate between the two groups to get a relative risk of SGA/stillbirth for food insecurity.  

To calculate the effect on mortality, we considered three groups: (a) food secure pregnant women, (b) food 

insecure pregnant women with BEP, and (c) food insecure pregnant women without BEP, as contributing to 

the overall stillbirth rate. With the baseline coverage of BEP, the efficacy of BEP, the relative risk of food 

insecurity, and the baseline overall stillbirth rate, we calculated the stillbirth rates for the three groups. The 

change in food insecurity over time would shift pregnant women among the three groups, resulting in a change 

in the overall SGA and stillbirth rate. The former would affect neonatal mortality. The increases in food 

insecurity were based on the percent reduction in estimated caloric intake (as a proxy) of pregnant women. 
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Food insecurity affects both quality and quantity, but for our model, it was the reduction in quantity that was 

considered to directly affect mortality. 

 

5.4 Assumptions and limitations 

General assumptions and limitations of LiST are well described by Blencowe and colleagues among others, 

and include the following [207]:  

▪ LiST is a deterministic model, so the outputs are only as good as the inputs, including the baseline 

causes-of-death structure, the estimated effects of the interventions on mortality, and estimated 

coverage of the interventions. The quality of data on the sub-causes of maternal death and the 

antepartum/intrapartum timing of stillbirths is poor [207], and country-level causes-of-death structure 

for these two causes are less regularly updated. Similarly, data underpinning the efficacy/effectiveness 

estimates are sparse for some interventions. The ideal effectiveness values were pooled estimates 

from meta-analyses including several low- and middle-income countries (LMICs). The quantity and 

quality of studies on interventions reducing stillbirths and maternal deaths are weaker than for neonatal 

and child outcomes. When the evidence is sparse, effectiveness data were pulled from trials 

conducted in high-income countries or from expert elicitation (Delphi method). The risk factors for 

stillbirths and maternal deaths might be different in different countries. The estimated efficacy values 

from high-income countries or a limited number of LMICs might not be generalizable to other LMICs. 

However, in contrast to estimation in some of the other module areas in our report, LiST’s estimates 

of effectiveness are based on several years of thorough and scientific work, and the approach is well 

described [207]; 

▪ The effect of an increase in food insecurity on stillbirth and neonatal death is the least tested pathway 

in LiST. We based the increase of food insecurity on caloric restriction; 

▪ LiST also requires a wide range of national or regional information to set up the baseline profile, e.g. 

the  prevalence of suboptimal birth outcomes and coverage of the interventions. In some cases, the 

exact data are not available, and estimations or proxies had to be used. For example, reliable 

population-based coverage data are not available for many interventions [207]. LiST has therefore 

relied on expert opinion to estimate likely levels of coverage for specific interventions using different 

levels of coverage reported for ANC and HFD as a proxy. For the analysis, we sought as much 

available data from Gaza as possible. The abundance of information needed is also the strength of the 

model because with more information, we were better able to capture the baseline situation of the 

region; 

▪ The prevalence of specific exposures and risk factors is expected to vary, but data are not available 

to reliably track these trends over time [207]. LiST assumes most remain static when estimating 

maternal, neonatal, or stillbirth outcomes, except for certain pathogen-related illnesses (e.g. 

diarrhoea, pneumonia, and meningitis) which shift as certain interventions are scaled up and the 

etiological burden changes accordingly. LiST is not well designed to capture epidemics or external 

causes such as conflict-related mortality, so these are captured in other modules in this project; and 

▪ Quantifying the numbers of lives saved or lost involves some uncertainty because of uncertainty in the 

ranges for the effectiveness of interventions, mortality rates, and cause-of-death distributions within 

maternal and neonatal deaths, and stillbirths [207]. LiST can provide upper and lower bounds for all 

model outcomes, and we have shown these.  
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Gaza-specific assumptions and limitations include: 

▪ Gaza had good data on contacts with antenatal and childbirth services and on coverage of selected 

interventions pre-war. Data on provision of interventions was less robust, and there were no specific 

harmonized health facility assessments (HHFA) or SARA or SPAs. There were adequate data on sub-

causes of neonatal death, but we had to resort to regional estimates for sub-causes of maternal deaths 

and stillbirths; 

▪ Quantification of the changes in contact with services or coverage of specific interventions involved 

an exceedingly large degree of uncertainty. These challenges applied to reductions in contacts with 

services (e.g. ANC4+ coverage) and to the content of care provided once contact was made (specific 

interventions, whether related to commodities or to manual procedures). Moreover, different regions 

of Gaza were differently affected (the North more than the Central/South), but it is not clear what 

proportion of the population was exposed the various reductions in coverage, and for how long; and 

▪ Because LiST works with relative risks rather than risk differences, and because in the case of Gaza 

we were decreasing rather that increasing coverage, we tested what would happen to mortality if we 

drove the coverage of interventions close to zero (0.1%), to see whether the levels we get are close 

to “natural” maxima seen for maternal, neonatal, and stillbirth mortality in settings with little care (i.e. 

1%, 4% and 4% respectively). The scaling down of interventions to 0.1% gave 0.12%, 2.5%, and 

1.3% for maternal mortality ratio, neonatal mortality rate, and stillbirth rate, respectively. This suggests 

mathematically that because the baseline mortality rates were all low, the estimated mortality rates 

when coverage is close to zero is lower than the “natural” maxima. It is possible that the model did not 

capture all the existing interventions in Gaza that contributed to the low pre-war mortality, for example 

use of rhesus testing or NICUs. The model also depends on having good measures of mortality rate 

and cause-specific percentages that match. Our pre-war values may be overly optimistic, particularly 

for MMR where even missing a few deaths makes a big difference.  
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6 Non-communicable diseases 

6.1 Analysis scope 

Table 20 lists NCDs included and excluded from the current analysis, and reasons for exclusion. We stratified 

estimates into the following age groups 𝑎: neonatal (<1 month), infant (1 to 11 months), 12-59 months, 5 to 9 

years, 1014 years, 15-19 years, 20-29 years, 30-39 years, 40-49 years, 50-59 years, 60-69 years, 70-79 

years, and ≥ 80 years. 

 

Table 20. List of non-communicable diseases included and excluded from estimation. 

Disease (ICD-10 code) Reason / additional notes 

Included 

Diabetes mellitus type 1 (DM1) (E10) 

A more pragmatic distinction could be insulin-dependent 

versus non-insulin-dependent DM. Obesity (E65 to E68) is 

considered an antecedent condition. 

Cardiovascular diseases (CVD), including 

Ischaemic heart disease (including myocardial infarction, 

I21 to I25) 

Cerebrovascular diseases including stroke (I60 to I69) 

(this includes both ischaemic and haemorrhagic stroke, 

modelled separately due to their different survival: see 

below) 

CVD is treated as an outcome of hypertension (and DM). As 

such, primary hypertensive disease (I10) is excluded from 

analysis. 

Chronic kidney disease (CKD) (N18) 

Only the most advanced stages of CKD, i.e. those requiring 

haemodialysis, is considered in this analysis. People 

requiring peritoneal dialysis are excluded. 

Neoplasms (cancer), including 

Colorectal cancer (C18 to C21) 

Lung cancer (C34) 

Breast cancer (C50) 

Highest-burden forms of cancer in Gaza [208]. 

Excluded 

Diabetes mellitus type 2 (DM2) (E11) 
Insufficient data found on survival with and without 

treatment. 

Other forms of cardiovascular disease (CVD), including 

Rheumatic heart disease (I01-I09) 

Hypertensive diseases (I11 to I13) 

Inflammatory heart disease (I30-33, I38, I40, I42) 

Heart failure (I50) 

Diseases of arteries, arterioles and capillaries (I70 to I74) 

Baseline mortality data for Gaza did not allow for 

unequivocal identification of these CVD causes. 

Furthermore, insufficient data were found on survival with 

and without treatment. 

Chronic lower respiratory diseases, including 

Emphysema (COPD) (J43) 

Other chronic obstructive pulmonary disease (J44) 

Asthma (J45-J46) 

Insufficient data found on survival with and without 

treatment. 

Neoplasms (cancer), including 

Leukaemia (C91 to C95) 

Thyroid cancer (C73) 

Rarer cancers 

Though leukaemia and thyroid cancer are also among the 

highest-burden cancers in Gaza [208], we could not identify 

sufficient data on their survival with and without treatment. 
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6.2 Methods 

6.2.1 General equations 

For each NCD 𝑢 , we consider that excess deaths at any given time 𝑡 (where 𝑑𝑡 = 1 month) are the difference 

between deaths projected in the war period to date or the projection period (subscript ‘crisis’) and a 

counterfactual level of baseline mortality (subscript ‘base’) that would have happened in the absence of the 

crisis: 

 

𝐷𝑢,𝑡, excess = 𝐷𝑢,𝑡,crisis − 𝐷𝑢,𝑡,base 

 

We can express both the crisis and counterfactual deaths in terms of prevalent treated and untreated cases 

and their respective risks of death, as follows: 

 

𝐷𝑢,𝑡, excess = 𝑐𝑢,𝑡,crisis ∫ 𝑃𝑢,𝑡,τ,crisis

∞

𝜏=1

𝜇𝑢,τ,σ=1 + (1 − 𝑐𝑢,𝑡,crisis) ∫ 𝑃𝑢,𝑡,τ,crisis

∞

𝜏=1

𝜇𝑢,τ,σ=0 − 

𝑐𝑢,𝑡,base ∫ 𝑃𝑢,𝑡,τ,base

∞

𝜏=1

𝜇𝑢,τ,σ=1 + (1 − 𝑐𝑢,𝑡,base) ∫ 𝑃𝑢,𝑡,τ,base

∞

𝜏=1

𝜇𝑢,τ,σ=0 

 

Here, 𝑐 denotes treatment coverage, i.e. the proportion of cases who receive appropriate acute and follow-up 

care. Because the risk of dying for the NCDs analysed is not time-independent (see below), we track prevalent 

cases 𝑃 at time 𝑡 according to their time since onset 𝜏. Prevalent cases experience a 𝜏-specific hazard of 

death (𝜇), whose values vary according to whether a case is treated (𝜎 = 1) or untreated (𝜎 = 0). Thus, the 

sum of deaths is the integral of deaths over the range of 𝜏. 

 

6.2.2 Factors other than treatment coverage 

We recognise that, in addition to receiving treatment, both the incidence (and thus prevalence) and case-

fatality of NCDs may be affected by crisis-emergent risk factors, such that 𝑃𝑢,𝑡,crisis~𝜑𝑢,𝜆,𝑡𝑃𝑢,𝑡,base  and 

𝜇𝑢,𝑡,crisis~𝜑𝑢,𝜆,𝑡𝜇𝑢,𝑡,base , respectively, where 𝜑 denotes a relative risk (RR). For this instance of the projections, 

we assume that any changes in incidence attributable to the crisis would have a modest effect on excess 

mortality due to the long-term progression of the NCDs being analysed, and thus set 𝜑𝑢,𝜆,𝑡 = 1. Similarly, we 

make a simplifying assumption that all excess case-fatality risk is solely due to reduced coverage of acute and 

long-term treatment, i.e. 𝜑𝑢,𝜇,𝑡 = 1. We note for now that, depending on the NCD, both RRs can be modulated 

by crisis-emergent risk factors and disruptions in management of antecedent conditions, as summarised in 

Table 21. 
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Table 21. Factors that may affect the risk of NCD incidence and case-fatality (other than disrupted treatment). 

Effect 

Risk factor 

Stress and 

worsening mental 

health 

Changes in 

dietary intake and 

diversity 

Disrupted 

management of 

antecedent 

conditions 

Exposure to smoke 

and dust from 

explosions, debris, 

inappropriate 

cooking fuel 

Exposure to cold 

temperatures 

Increased incidence CVD, DM2, cancer 
CVD (through 

hypertension) 

CVD (through 

hypertension, DM2) 
  

Increased disease 

severity and thus 

case-fatality 

all CVD, DM1, DM2, 

CKD  COPD, asthma COPD, asthma 

 

6.3 Treatment coverage assumptions 

We assumed that pre-war essential treatment coverage was 90-100%. While this does not equate to optimal 

treatment [209], it reflects the widespread availability of public health services including primary and 

secondary care in Gaza mainly through the MoH and UNRWA [210] based on pre-war data, expert knowledge, 

and conversations with health actors within Gaza, it is likely that the majority of NCD cases would have had 

access to essential treatment [209]. In Gaza, only surgical cancer care and limited chemotherapy care were 

available before the war [208], and a fraction of cases were allowed to obtain radio- or chemotherapy outside 

Gaza, albeit with delays (see limitations) [211]. We reviewed available information to quantify ranges for the 

likely availability of treatment services required for management of different NCDs, both in the war period to 

date and over the projection period, the latter as scenario assumptions. These ranges are presented in Table 

22. Specifically, we assumed that specialised services such as cancer care and haemodialysis would recover 

slowly during the ceasefire phase due to the destruction of key specialised care facilities and equipment and 

departure or death of clinical and allied health professionals needed to administer specialised NCD care. We 

assumed that humanitarian actors would not be able to offer cancer care even in a ceasefire scenario, and 

that patients would mostly not be allowed outside Gaza. 

 

Table 22. Assumed ranges of treatment coverage for specific NCD-relevant treatment services. 

Period 
Month 

starting 

Percentage of patients able to 

access haemodialysis 

Percentage of the population 

with access to functional 

inpatient public departments 

that were able to administer 

emergency care for 

cardiovascular events 

Percentage of patients with 

access to insulin 

Percentage of cancer 

patients able to 

access treatment 

(surgery only) 

CKD CVD DM1 Cancer 

Pre-war n/a 90-100% 90-100% 90-100% 90-100% 

To-date 

7 Oct 2023 70-80% 40-60% 90-100% 20-40% 

7 Nov 2023 30-50% 10-30% 90-100% 1-5% 

7 Dec 2023 20-40% 5-15% 90-100% 1-5% 

7 Jan 2024 20-40% 5-15% 90-100% 1-5% 

 
Scenario† 

Cf Sq Es Cf Sq Es Cf Sq Es Cf Sq Es 

Projection 

(months 1 

to 3) 

7 Feb 2024 40-60% 15-20% 5-10% 20-40% 5-15% 1-5% 90-100% 70-80% 60-70% 1-5% 1-5% 1-5% 

7 Mar 2024 40-60% 15-20% 5-10% 20-40% 5-15% 1-5% 90-100% 70-80% 60-70% 1-5% 1-5% 1-5% 

7 Apr 2024 40-60% 15-20% 5-10% 20-40% 5-15% 1-5% 90-100% 70-80% 60-70% 1-5% 1-5% 1-5% 

Projection 

(months 4 

to 6) 

7 May 2024 50-70% 15-20% 5-10% 30-50% 5-15% 1-5% 90-100% 70-80% 60-70% 1-5% 1-5% 1-5% 

7 Jun 2024 50-70% 15-20% 5-10% 30-50% 5-15% 1-5% 90-100% 70-80% 60-70% 1-5% 1-5% 1-5% 

7 Jun 2024 50-70% 15-20% 5-10% 30-50% 5-15% 1-5% 90-100% 70-80% 60-70% 1-5% 1-5% 1-5% 

† C = ceasefire; S = status quo; E = escalation. 
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6.4 Mortality hazard functions 

6.4.1 Acute versus long-term survival 

For CVD, we considered that there is an immediate risk of death 𝜇acute following the first acute presentation of 

the condition (e.g. stroke or heart attack). This is conditional on surviving the acute event (1 − 𝜇acute) case-

fatality during any time step 𝜏 since initial case onset is modelled as a time-dependent mortality hazard function 

𝜇𝑢,𝜏 (see below). While we recognise that patients often experience further acute events (e.g. repeat strokes), 

given the varying timing of such events, we considered that population-level cohort studies of survival capture 

the average risk of dying since onset. For other NCDs, we omitted the acute presentation of disease, again 

considering that population-level cohort studies capture how mortality changes as a function of 𝜏. 

 

6.4.2 Sources of data 

To parameterise the hazard of dying with and without treatment, we reviewed published cohort studies 

describing both acute (for CVD only) and long-term survival (with at least three years of follow-up), identified 

through a non-systematic literature search and through contact with subject experts. We extracted from each 

study the proportion of patients surviving up to study-reported time points, out of the total at the start of follow-

up. For cancer specifically, the West Bank’s MoH cancer registry provides informative data on survival with 

and without treatment based on follow up with cancer patients in the West Bank during 2017 to 2021 for four 

main cancer types (breast cancer, colorectal cancer, lung cancer and lymphoma) [212]. Treated cohorts 

included patients who received surgical care only, and those who received chemotherapy and/or radiotherapy 

instead or in addition. We computed survival functions comparing patients who received surgical care only 

versus no care (see Limitations). 

 

6.4.3 Survival function fitting 

We then fitted candidate survival distributions to these observations including negative-exponential, Weibull, 

log-normal and log-logistic, selecting the best-fitting based on maximum likelihood and conditional on acute 

event survival for CVD. Where alternative studies were available, we fitted functions to either, to provide an 

upper and lower bound. 

The following decay distributions were retained, depending on the NCD: 

▪ Log-normal: 𝜇𝜏 = 
𝑓𝒩(

ln𝜏−𝜇

𝜎
)

1−𝐹𝒩(
ln𝜏−𝜇

𝜎
)
 , where 𝑓𝒩  is the probability density function of the standard normal 

distribution and 𝐹𝒩 is the cumulative distribution function of the standard normal distribution; 

▪ Log-logistic: 𝜇𝜏 =
𝛽(

𝜏

𝛼
)
𝛽−1

𝛼(1+(
𝜏

𝛼
)
𝛽
)
 ; 

▪ Exponential: 𝜇𝜏 = 𝜆 . 

Parameters of each fitted survival function are provided in Table 23. 
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Table 23. Parameters of fitted survival functions, by disease and treatment status. 

Disease 
Treatment 

status (𝜎) 
Bound 

Probability of acute phase 

survival (1 − 𝜇acute) 
Distribution parameters 

Log-normal distributed 𝜇 𝜎 

Chronic kidney disease 

1 single estimate n/a 4.00 1.68 

0 
lower 

n/a 
3.14 1.58 

upper 3.26 1.58 

Myocardial infarction 
1 

lower 0.94 8.10 5.19 

upper 0.97 8.10 5.19 

0 single estimate 0.60 2.90 4.50 

Log-logistic distributed 𝛼 𝛽 

Haemorrhagic stroke 
1 

lower 0.68 0.70 0.12 

upper 0.68 20.7 0.32 

0 single estimate 0.60 0.24 0.178 

Ischemic stroke 
1 single estimate 0.93 63.17 0.58 

0 single estimate 0.88 18.56 0.58 

Breast cancer 
1 single estimate  221.35 1.06 

0 single estimate  146.60 1.06 

Colorectal cancer 
1 single estimate  84.41 0.73 

0 single estimate  64.49 0.65 

Lung cancer 
1 single estimate  23.64 0.66 

0 single estimate  7.15 0.66 

Negative exponential distributed 𝜆 

Diabetes mellitus type 1 

1 single estimate  0.001† 

0 
lower  0.06 [213] 

upper  0.03 

† Inverse of Gaza population life expectancy [214]. 

 
Survival function fits are shown in Figure 11, Figure 12 and Figure 13. 
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Figure 11. Survival fits for chronic kidney disease [215–220] and breast cancer [23] . LB = lower bound; UB = 

upper bound. 
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Figure 12. Survival fits for colorectal cancer and lung cancer [221]. LB = lower bound; UB = upper bound. 
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Figure 13. Survival fits for myocardial infarction [222–225], haemorrhagic stroke [226, 227] and ischaemic stroke 

[226, 228, 229]. LB = lower bound; UB = upper bound. 
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6.5 Pre-war mortality baseline 

To quantify pre-war age-specific CKD, ischaemic heart disease, and cerebrovascular disease mortality, we 

extracted MoH data from the West Bank, since the latter applied a consistent ICD-10 classification [11], and 

scaled these to Gaza based on the ratio of West Bank to Gaza population size. We assumed that strokes were 

50% ischaemic and 50% haemorrhagic [228, 230]. We also assumed that DM1 mortality was negligible, 

plausibly due to the universal coverage of insulin treatment among recognised cases. For cancer, we 

combined data from the International Agency for Research on Cancer and the MoH [11, 231]. Generally, the 

resulting figures are similar in relative mortality terms to estimates for Lebanon and do not exceed European 

levels [232]. We also computed the mean age-specific proportion of deaths from disease 𝑢 (𝑝𝑎,𝑢,base) from the 

same sources. 

We used a generalised least-squares regression to estimate the trend in annual deaths due to each NCD 

occurring pre-war, based on years of data availability. We used this model to forecast the counterfactual (no-

crisis) number of deaths during 2023 and 2024, discretised to monthly increments, i.e. 𝐷𝑢,𝑡,base.  

 

6.6 Excess mortality projections 

6.6.1 Model implementation 

For each NCD, we simulated monthly incident cohorts of cases from January 2000 to the end of the projection 

period. We assumed a constant mean monthly incidence 𝐼𝑢,𝑡,𝑏𝑎𝑠𝑒, calibrated to fit 𝐷𝑢,𝑡,base as follows: for each 

of 1000 simulation runs, we sampled a random number of incident cases from a Poisson distribution centred 

at the above mean and computed the mean of simulated baseline deaths 𝐷𝑢,𝑡,base
′  over the course of the 

convergence phase. A multiplier constant, 𝑘𝐷, was then used to scale 𝐼𝑢,𝑡,𝑏𝑎𝑠𝑒 so that 𝐷𝑢,𝑡,base
′ = 𝐷𝑢,𝑡,base .  

We propagated uncertainty in treatment coverage and survival by sampling from uniform distributions of these 

parameters during each run (for survival, only where lower and upper bounds were available: see Table 23). 

Lastly, during each run we tracked both the ‘crisis-exposed’ cohorts (i.e. featuring the war period and scenario-

projected treatment coverage) and replicate cohorts experiencing counterfactual conditions (i.e. the pre-war 

treatment coverage): the difference in total deaths between these cohorts is 𝐷𝑢,𝑡, excess. After simulating 1000 

runs, we computed the mean and 95th percentile interval of outcomes. 

We assumed that the age distribution of deaths would not be affected by the crisis, i.e. 𝑝𝑎,𝑢,base = 𝑝𝑎,𝑢,crisis, 

and distributed deaths accordingly. This assumption is not strictly correct: as treatment coverage decreases 

and survival accordingly shortens, the age distribution of excess deaths would shift towards younger 

populations. However, we verified that any resulting bias is negligible within the war period to date and 

projection periods (data not shown). 

 

6.6.2 Modification for diabetes mellitus type 1 

For DM1, baseline deaths were negligible (see above). Robust data on the number of prevalent cases at the 

start of the war were also available from UNRWA and the MoH in Gaza report [233, 234]. Therefore, we applied 

case-fatality hazards to this prevalent pool over the war period to date and the projection period based on 

assumed treatment coverage. We ignored incident DM1 cases since the war’s start as these would have been 

numerically small (≈3% out of a mean 17 DM1 plus DM2 incident cases per month, or about 6 DM1 cases 

annually). 
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6.7 Model assumptions and limitations 

Our analysis of NCD mortality features a number of important limitations: 

▪ Key high-burden NCDs, including DM2 and COPD, are omitted from the analysis. While DM2 mostly 

leads to death via CVD cases, and thus may largely be captured by CVD MoH mortality figures, some 

DM2 deaths occur due to other complications including diabetic ketoacidosis and hyper-osmolar 

hyperglycaemic state. Altogether, the NCD conditions included in our analysis accounted for about 

70-80% of all NCD deaths pre-war according to MoH data; 

▪ We assumed that treatment coverage and survival are age-independent, but in reality this may not 

hold true. If these parameters are negatively correlated with age-specific incidence (i.e. the age groups 

with highest incidence are also those with lowest coverage and survival), our analysis would under-

estimate mortality, and vice versa; 

▪ Likewise, we did not model increases in NCD incidence and disease progression due to the war itself, 

resulting in further under-estimation of the excess. Such risks would plausibly play out over a long 

timeframe (e.g. disruptions in treatment of hypertension would lead to progression to more severe 

stages and eventually a higher risk of CVD), but, as the crisis continues, their effect is likely to 

compound, and should be considered in future iterations of these projections; 

▪ We assumed that treatment coverage was binary, while patients may in fact be on a spectrum between 

excellent treatment access, minimal delays and high adherence and no treatment at all, with 

interruptions being a commonly described outcome in crisis settings [235]. This dichotomisation is 

difficult to avoid in a context of scarce evidence on survival (see below), but could have resulted in 

some bias if cases with partial treatment were relatively more similar to either extreme; 

▪ We found generally limited evidence on NCD survival, particularly without treatment, and recognise 

that studies on which estimates are based may not be well representative of the profile of pre-war 

patients in Gaza due to differences in demographics, clinical presentation, and specific treatment 

regimens. For cancer specifically, we calculated survival based on surgically treated cases, omitting 

the better outcomes experienced by the fraction of cases who do have access to radio and 

chemotherapy: this may also have resulted in some under-estimation of excess mortality. 

▪ Before the war, referrals outside Gaza were also common for conditions other than cancer. For 

instance, the 5,864 MoH-reported referrals for cancer treatment outside Gaza in 2022 accounted for 

only 27% of 22,123 total referrals [236]; and unsuccessful applications for permits to exit the Gaza 

Strip had a significant impact on mortality for cancer patients (hazard ratio 1.45) [212]. The sudden 

reduction in referrals during the war is not accounted for in our models. 

Altogether, the above limitations bias our estimates towards considerable under-estimation of true excess 

mortality, and should thus be considered when interpreting our projections. 

 

  



Gaza projections – methods annex  `Page 56 of 74 

7 Aggregate all-cause analysis 

7.1 General method 

Having completed analysis for the traumatic injury, infectious diseases, MCH and NCD modules, we 

aggregated cause-specific projections into overall estimates of excess death tolls and rates. As people 

simultaneously face competing risks of mortality from different causes, a crude sum of all cause-specific 

estimates seemed inappropriate. We therefore used a common adjustment used in infection transmission 

modelling, whereby someone’s overall risk of dying is treated as the complement of the probability of surviving 

all possible cause-specific risks. Accordingly, for 𝐾 possible causes of death and 𝐴 age groups, 

 

𝑑𝑎 = 1 −∏(1− 𝑑𝑎,𝑘)

𝐾

𝑘=1

 

 

Where 𝑑 is the per-capita death rate (equivalent to a risk for small time units). We did this adjustment by age 

group to avoid potential age confounding due to certain causes of death being distributed mainly in specific 

age groups. We treated 𝑘 at the lowest possible stratification included in our analysis (i.e. each individual 

infectious disease and NCD was treated separately). We did the above adjustment separately for 

counterfactual (no crisis) and scenario-specific projections. 

Lastly, we computed adjustment factors for each age group, as the ratios of adjusted to crude age-specific 

death rates, which we applied to each cause-specific module to downward-revise estimates. We then 

aggregated estimates and uncertainty intervals across age, cause of death or other stratification variables. Of 

note, age-specific adjustment factors were > 0.95 for all age groups save for persons aged ≥ 80yo (> 0.90), 

i.e. made little difference to results. 

 

7.2 Limitations 

While the above approach improves on crude summation of cause-specific mortality, it does feature a few 

limitations, probably of low import: 

▪ In reality, it is likely that competing causes of death exist in a hierarchical relationship to each other. 

For example, someone who is bedridden due to a stroke may have a different risk of exposure to 

traumatic injury, compared to someone who is able to go out; featuring such hierarchies may alter the 

adjustment; 

▪ There may be additional confounding other than due to age: in particular, we did not stratify the 

adjustment by gender; 

▪ While summing the mean estimates across age, cause of death or other stratification variables 

seems appropriate, summing the uncertainty intervals is not strictly correct from a statistical point of 

view, as it assumed that all error distributions have the same shape. This is unlikely to be the case, 

as our cause-specific projections are the product of several error distributions, some non-

parametric. A better approach, which we will attempt in future instances of the project, could be to 

collect the empirical distributions for each age-, cause- and period-specific projection, and use 

bootstrapping (i.e. repeatedly sample from these distributions) to construct uncertainty intervals with 

better coverage.  
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9  Appendix  

Table 24. Occurrence and timing of epidemics in past crises. Shaded cells are those for which the given pathogen 

caused an epidemic. Numbers in these cells indicate the recognised start of the epidemic, relative to the crisis’ start 

(in months). 
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Figure 14. Pathways for interventions included in the analysis in the Lives Saved Tool (link). 

 

 

 

https://listvisualizer.org/

