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Abstract 

The association between heavy rainfall and infectious intestinal diseases (IID) has not 

been well described and little research has been conducted in developing countries. This 

study examines the association between heavy rainfall and hospital admissions for IID in Ho 

Chi Minh City, the most populous city in Vietnam. 

An interrupted time-series method was used to examine the effect of each individual 

heavy rainfall event (HRE) on IID. The percentage changes in post-HRE level and trends of IID 

were estimated for 30 days following each HRE. Then a random-effect meta-analysis was 

used to quantify the pooled estimate of effect sizes of all HREs on IID. The pooled estimates 

were calculated over a 21 day lag period. 

The effects of a HRE on IID varied across individual HREs. The pooled estimates 

indicate that the levels of IID following a HRE increased from 7.3% to 13.5% for lags from 0 

to 21 days, however statistically significant increases were only observed for lags from 4 to 6 

days (13.5%,95%CI: 1.4-25.4; 13.3%, 95%CI: 1.5-25.0; and 12.9%, 95%CI: 1.6-24.1 

respectively). An average decrease of 0.11% (95%CI:-0.55-0.33) per day was observed for 

the post-HRE trend.  

This finding has important implications for the projected impacts on residents living 

in this city which is highly vulnerable to increased heavy rainfall associated with climate 

change. Adaptation and intervention programs should be developed to prevent this 

additional burden of disease and to protect residents from the adverse impacts of extreme 

weather events. 
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1.0 Introduction 

There is increasing evidence that on-going global climate change, which has been 

accelerated by anthropogenic greenhouse gas emissions over the last few decades, 

contributes to more extreme hydrologic events such as heavy rainfall, increased floods and 

droughts (IPCC 2013). Such extreme weather events are considered significant health 

hazards which cause increased morbidity and mortality (Ye et al. 2012;Basu and Ostro 

2008). Heavy rainfall events have been found to be associated with an elevated risk of 

waterborne diseases in both developed (Curriero et al. 2001;Thomas et al. 2006;Nichols et 

al. 2009;Chou et al. 2010;Jagai et al. 2015;Wade et al. 2014) and developing countries 

(Adkins et al. 1987;Dewan et al. 2013;Seidu et al. 2013). However, the relationship between 

heavy rainfall events and hospital admissions for specific intestinal infectious diseases has 

not been well described in previous studies. Most studies have focussed on investigating the 

number of disease outbreaks following heavy rainfall events (Drayna et al. 2010) but have 

not examined the short-term changes of level and trend in   actual number of individual 

illness cases following heavy rainfall events. Moreover, the link between heavy rainfall and 

infectious intestinal diseases (IID) such as cholera, typhoid, salmonella and other bacteria 

has rarely been analysed in developing settings which have a high population density and 

fewer resources to cope with the potentially growing impacts of climate change related 

extreme weather events.  

      Ho Chi Minh City (HCMC) is the most populous city in Vietnam where urban floods have 

emerged as a serious concern due to the city’s rapid growth. Despite the construction and 

continued expansion of the urban drainage system to address the demands of increased 

population and infrastructure, this system is often overloaded as water levels in the river, 

rainfall and the runoff ratio have increased over the past decades (Phi 2008). Rapid 

population growth, shortage of investment and aging water and sewage infrastructure have 

resulted in alarmingly polluted waterways and exposed the inhabitants of HCMC to 

considerable risk (Ha et al. 2008;Vo 2007;Wust et al. 2002). The water of the Saigon and 

Dong Nai rivers is used as the source of drinking water for residents of HCMC, which has 

limited purification and control over industrial and domestic waste discharge (Hong et al. 

2000;Vo 2007). Vo (2007) estimated that only 40% of waste water from industrial and 

hospital sources discharged into the Saigon River is treated. Exacerbating this problem is 

HCMC’s highly vulnerability to climate change (Yusuf and Francisco 2009). Extreme weather 
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events such as heavy rainfall and associated floods have become more frequent in HCMC 

recently, leading to substantial economic and social losses. For example, research has 

indicated a linear increasing trend of yearly max 180 mm rainfall events with an overall 

increasing trend in rainfall of about 0.8 mm per year over the past 50 years (Phi 2008). The 

phenomena of heavy rainfall and related inundation may cause negative effects on 

residents’ health, especially intestinal infectious illness due to the possible distribution of 

infectious agents following heavy rainfall and related floods. However, investigation of the 

relationship between heavy rainfall and adverse health effects in the context of climate 

change has seldom been conducted, resulting in a lack of understanding of the potential 

future impacts associated with increasing extreme rainfall events and hence a lack of 

evidence for developing appropriate strategies to reduce health risks in this the largest city 

in Vietnam.  

This study examines the association between heavy rainfall events and hospital 

admissions for intestinal infectious diseases in HCMC, Vietnam.  

 

2.0 Methods 

The study design incorporates interrupted time-series and meta-analysis methods using 

daily rainfall and hospital admission data. 

2.1 Study area 

 The study was conducted in Ho Chi Minh City (HCMC). HCMC is located in southern 

Vietnam, about 1730 km from the capital city, Hanoi. HCMC has a total area of 2,095.5 km2, 

including 19 urban and 5 suburban districts and a total population of 8,224,400 8.4% of the 

population of Vietnam) and a population density of 3,900 persons/km2 (HCMC SO 2016). 

HCMC has a tropical climate with an average annual rainfall of 1,800 mm (about 150 rany 

days per year). It has  two distinct seasons: the rainy season (May-October) and the dry 

season (December - October). The average temperature is 28oC, and the average humidity is 

78-82% (ADB 2014). Supplement 1 shows a photo of flooding in HCMC after a heavy rainfall 

event. In the South-East region, where HCMC is located,  infectious and parasitic diseases 

are leading causes of morbidity with 10.5% of hospital admissions, and of mortality with 

13.1% of admissions (HSY 2013). Of these diseases, Norovirus (NoV) is a leading cause of 

acute infectious intestinal disease among children less than 5 years old. It has been 

estimated that 20.6% of children hospitalized with acute diarrhoea in Ho Chi Minh City 
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tested positive for NoV (Phan et al. 2013). Recent studies  have shown that diarrhoeal 

diseases remain a considerable public health problem in HCMC and these diseases are 

associated with seasonality and climatic conditions such as flooding, air temperature, and 

humidity (Thompson et al. 2015a;Thompson et al. 2015b).  

HCMC has a total of 72 hospitals that are classified by level (national, city, and district) and 

speciality (general or multi-faculty, and specialized hospitals e.g. paediatric hospital).  

2.2 Data collection 

 Data on hospital admissions for intestinal diseases (ICD-10 codes: A00-A09) were 

extracted from hospital admission records from February 2004 to December 2013 in the 

two largest hospitals in HCMC, Gia Dinh People’s Hospital and 115 People’s Hospital. These 

hospitals, which have 1200 and 1600 patient beds respectively, were selected from four big 

multi-faculty hospitals in HCMC. These hospitals are at the highest level of public multi-

faculty hospitals administered by the HCMC Health Department and serve patients from all 

districts across HCMC with 1000-2000 inpatients daily. These hospitals also serve people 

outside of the city in case of emergency or for self-funded services.  

Data extracted from the hospital admissions were categorized by primary and 

discharge diagnoses, date of admission, date of discharge, age, sex, and address of 

individual patients (street and district only). The authors selected A00-A09 codes rather 

than the symptoms’ or non-specific codes for two reasons. First, symptoms are not specific 

to intestinal diseases only. Second, patients sometime tend to self-treat and don’t go to 

hospitals if they just have symptoms, since in Vietnam people can buy medicine in 

pharmacies without a doctor’s prescription. Thus, we would miss all of these cases if we 

considered symptoms as the outcome of the study. In this study, the authors included only 

residents of HCMC and excluded all cases who were not HCMC residents or who were 

transferred from hospitals located in other cities/provinces. The address described in the 

hospital records was used for this purpose.  

 Daily meteorological data were collected from the Southern Regional Hydro-

Meteorological Centre (SRHMC) for the February 2004 to December 2013 period. The data 

were recorded from one hydro-meteorological station located in the central district of 

HCMC (longitude, 106o39’59.75 East: latitude, 10o47’47.48 North), the Tan Son Hoa 

Meteorological station, which monitors air temperature, surface temperature, humidity, 

precipitation, sunlight hours, wind direction and speed, cloud and other climatic conditions. 
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The data are managed by SRHMC as the lead agency for hydro-meteorological information 

in the South of Vietnam. The data collected for this study, comprised: daily minimum, 

maximum, and average temperatures (oC) and minimum, maximum and average relative 

humidity (%), and daily cumulative rainfall (mm). 

 

2.3 Data analysis 

 Two phases were involved in the data analysis. First, we examined the influence of 

each heavy rainfall event (HRE) on hospital admissions for intestinal infectious diseases. 

Secondly, we used a random-effect meta-analysis to estimate the pooled effect size of all 

heavy rainfall events on intestinal infectious disease admissions (IID).  

An interrupted time-series method using a segmented regression analysis (Poisson 

family) was used to examine the HRE-individual effect on IID. Consistent with a previous 

study by Dratyna et al (2010), a heavy rainfall event was defined as daily cumulative rainfall 

>=95th percentile for >= 2 consecutive days . The percentage change in level (y-intercept) 

and trend (the slope) of IID was estimated for 30 days after each heavy rainfall event, which 

was coded as 1 (HRE) or 0 (no HRE) in the regression model. Due to the variety in intensity 

and length of each HRE, and potential for adaptation of residents to HRE events such as 

household and community actions to cope with extreme rainfall events (e.g. moving 

furniture up to high places, preparation of foods and drugs, installation of backwater valves 

to proactively reduce inundated flood, community implementation plans, preparedness of 

health centres to reduce outbreak of diseases following HE events, etc.)(Guilbault 2015), at 

Stage 1 of the data analysis we distinguished the effect of every individual HRE to avoid the 

diluted effects of exposures (HRE events) and proposed to examine heterogeneity in effects 

of these HRE events. Moreover, interrupted time-series analysis requires excluding the 

effect of the previous event while computing the effect of the current event. For instance, 

the HRE event 1 (code as 1) was excluded from the variable of HRE while calculating the 

effect of HRE event 2.  In order to model the effects of multi-HRE and to avoid incorrect 

specification of HRE effects, we excluded from the analysis daily IID that occurred during the 

lag or ‘during the event’ period. Thus, the IID for day 0 and day 1 were excluded when 

estimating the impact of HRE on day 3. The possible delayed effects of HRE on IID were 

examined for lags of up to 21 days. The climate factors (temperature and humidity), which 

are potential confounding factors and have been reported as having a non-linear effect on 
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IA (Phung et al. 2015a;Phung et al. 2015b), were controlled using a natural cubic spline 

function with 3 degrees of freedom. The day-of-week effect was also controlled using 

dummy variables for each day of the week. Equation 1 identifies the model fitted.  

𝑌𝑡~𝑃𝑃𝑃𝑃𝑃𝑃𝑃(𝜇𝑡) 

〖𝐿𝑃(𝜇〗_𝑡) = 𝛽_0 + 𝛽_1 〖𝑡𝑃𝑡𝑡〗_𝑡 + 𝛽_2 〖𝐻𝐻𝐻〗_𝑡 + 𝛽_3 〖(𝑡𝑃𝑡𝑡 𝑎𝑎𝑡𝑡𝑎 𝐻𝐻𝐻)〗_𝑡

+ 𝑃(𝑇𝑡𝑡𝑇𝑡𝑎𝑎𝑡𝑇𝑎𝑡, 3𝑑𝑎) + 𝑃(𝐻𝑇𝑡𝑃𝑑𝑃𝑡𝐻, 3𝑑𝑎) + 𝛾𝛾𝛾𝛾 

Equation 1 

where, 𝑌𝑡 is the mean of daily counts of IID; 𝑡𝑃𝑡𝑡𝑡 is a continuous variable indicating time in 

days at time 𝑡 from the start of the observation period; 𝐻𝐻𝐻𝑡 is an indicator for time 𝑡 

occurring before (HRE=0) or after (HRE=1) the HRE; 𝑡𝑃𝑡𝑡 𝑎𝑎𝑡𝑡𝑎 𝐻𝐻𝐻 is a continuous 

variable counting the number of  days (up to 30) after the HRE at time 𝑡; 𝑃 is the natural 

cubic spline functions of daily temperature and humidity with 3 degrees of freedom; and 

𝛾𝛾𝛾 is day of the week. In this model, 𝛽1 is the estimated change in the daily IID that 

occurs with each day before the HRE (i.e. baseline trend); 𝛽2 is the estimated level change in 

the mean of daily IID immediately after t days following the HRE date; and 𝛽3 is the 

estimated change in the trend in the mean of daily IID after the HRE compared with the 

daily trend before the HRE. 

The meta-analysis technique is used to calculate a pooled estimate of effect size of the 

results obtained from multiple studies but it can also be used to compute a pooled estimate 

of effect size of the results from multiple events, monitoring or interventions within one 

study. For example, the study by Milojevic et al (2012) used meta-analysis to evaluate the 

health effects of multiple flooding events in rural Bangladesh. Phung et al (2015) used meta-

analysis to compute the pooled estimate of health effects of high temperature from 

multiple provinces in the whole Mekong Delta Region. In this study, we used meta-analysis 

to quantify the impact of HRE on IID by computing the pooled estimate of effect sizes from 

all individual HREs. Because the impact of the HRE might vary with events due to the 

variability of HRE intensity and duration, resulting in considerable heterogeneity of findings, 

a random-effect meta-analysis was applied to calculate within-HRE and between-HRE 

variation and generate pooled estimates of changes in level and trend (% change) of IID. 

Then the result can generalize the effect of a HRE event. The pooled estimates were 

calculated for each day after the HRE over 21 days (lag 21). Heterogeneity between HREs 

was quantified by the coefficient of inconsistency (I-Squared) which describes the 
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percentage of total variation across provinces that is due to heterogeneity (Higgins et al. 

2003). 

Data management, transformation, and analyses were conducted using Stata 11.0 (Stata 

Corporation, College Station, TX, USA). 

3.0 Results 

3.1 Descriptive statistics 

Descriptive statistics of IID and climate factors are shown in Figure 1. During the study 

period, there were a total of 54,077 hospital admissions for intestinal infectious diseases 

with a mean of 15 admissions per day (SE, 0.1). The total number of IID almost doubled from 

2004 (3,767) to 2012 (6,746) (t-test for trend, p-value<0.01). The total number of rainy days 

was 1,570 days with an average of 160 days per year. The 95th percentile of daily cumulative 

rainfall was 30.8 mm for the whole year and 37.9 mm for the wet season only (May-

November). The number of heavy rainfall events (HRE), defined as >=95th for two or more 

consecutive days, was 12 for the entire study period. Figure 1 shows that the pattern of 

daily IID corresponds visually to the variation of cumulative rainfall during the study period. 

The average daily mean temperature in HCMC was 28.2oC (SE, 0.02), with a minimum of 23 

oC and maximum of 32oC. The average relative humidity recorded was 74.4% (SE, 0.1) with a 

daily minimum of 51% and daily maximum of 97%.  

 

3.2 Association between heavy rainfall and admissions for infectious intestinal diseases 

Supplement 2 presents details of the changes in level and trends of each individual HRE 

at different lags, and Figure 2 shows an example of these changes in one HRE event. The 

post-HRE changes in level and trend of IID varied with HREs and lag days (Supplement 2). For 

the same day as HRE occurrence (lag 0), the baseline trend of IID before HREs was subtly but 

non-significantly changed with a range of -0.015% - 0.03% per day. In contrast, positive 

increases in level of IID following a HRE were observed in 8 out of the 12 HREs, of which 

significant increases in IID were found following 5 HREs, with a range of 19% - 44% (25 Sept. 

2004, 28%; 02 Sept. 2007, 31%; 22 July 2008, 23%; 04 Oct. 2010, 44%; and 18 Oct. 2010, 

19%). The 30-day post-HRE trend of IID ranged from -1.7% to 1% per day across HREs, of 

which decreased trends in IID were observed in 5 out of 12 HREs. Figure 2 shows an 

example of the changes in admissions due to IID following a HRE (2-3 Sept. 2007). The 

effects of HRE on IID for other lags from 1 to 21 days are fully reported in Supplement 2. 
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Across HREs, significant increases in post-HRE levels of IID were more frequent for lags of 4-

6 days across all HREs in comparison with other lags.  

The pooled estimate of baseline trend indicates that IID increased negligibly at a rate of 

0.017% (95%CI: 0.012-0.022) per day prior to HREs. On average a heavy rainfall event was 

associated with anincrease from 7.3% to 13.5% for lags 0-21 days, however statistically 

significant increases were only observed for lags 4-6 days (Day 4, 13.5%,95%CI: 1.4-25.4; 

Day 5, 13.3%, 95%CI: 1.5-25.0; Day 6, 12.9%, 95%CI: 1.6-24.1; and Day 10, 12.5, 95%CI: 0.6-

24.5).  Figure 3 shows the pooled estimates of levels of IID, which slowly decreased from lag 

7 to lag 21 days. The pattern of changes in baseline, post-HRE level and trend was modelled 

using the pooled estimates of lag 4, as this was the most statistically significant lag. Figure 4 

shows this modelling pattern with the rates of changes in baseline trend (0.02%, 95%CI: 

0.01-0.02), post-HRE level (13.4%, 95%CI: 1.4-25.3) and post-HRE trend (-0.11%, 95%CI:-

0.55-0.33). The pooled estimates of change in level of IIDs calculated for each lag from 0 to 

21 are shown in Supplements 3 and 4. The percentages of total variation across HRE events 

caused by heterogeneity were high for most of the lag-day analysis (I2, 78%-84%). The 

heterogeneity indicates that the effects observed are highly variable and inconsistent across 

HRE events. 

 

4.0 Discussion 

This is the first study to comprehensively examine the short-term pattern of change in 

hospitalization due to intestinal infectious diseases in relation to heavy rainfall events 

(HREs) in Vietnam. The univariate analysis indicated that the overall trend of IID has 

increased from 2004 to 2012. Although no studies have investigated reasons for this  

increasing trend of infectious intestinal diseases from 2004 to 2012, some potential reasons 

include increased population and population density, rapid urbanization, better health 

surveillance systems to identify cases and to link database and report systems from 

hospitals and preventive medicine centres or deterioration in water quality. At this study 

design meants that we examined the change of IID risk over a short period of time (3 weeks) 

prior and post HRE, the increase observed in admissions over the 8-10 year study priod are 

not likely bias the results. The study used interrupted time-series and meta-analysis to 

examine the effects of multiple HREs on IID and modelled the pattern for HRE-IID 

relationship. During the study period 12 HREs were identified. The pooled estimates indicate 
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that on average, a heavy rainfall event was significantly associated with increases in hospital 

admissions for intestinal infectious diseases, although the magnitude of HRE-IID association 

varied for individual HREs.  The modelled pattern of the overall HRE-IID relationship reveals 

an average increase of 13.2% in IID observed 4-6 days after a HRE.  

The positive association between heavy rainfall and intestinal infectious disease 

admissions found in this study is consistent with the evidence reported from previous 

studies. A recent systematic review by Levy et al (2016) found that 71% of articles reported 

a significant association between heavy rainfall and diarrhoea, and this positive association 

was observed in both developing (Dewan et al. 2013;Seidu et al. 2013;Adkins et al. 

1987;Hashizume et al. 2007) and developed countries (Curriero et al. 2001;Thomas et al. 

2006;Chou et al. 2010;Nichols et al. 2009;Rose et al. 2000). A study in the USA (Drayna et al. 

2010) also found that any rainfall four days prior was significantly associated with an 11% 

increase in acute hospital visits due to infectious intestinal diseases. Several studies found 

that heavy rainfall after a dry period was associated with increased diarrhoea (Carlton et al. 

2014;Adkins et al. 1987;Nichols et al. 2009). However, this modified effect was not observed 

in our study, since almost all the heavy rainfall events during the study period occurred in 

the middle of wet seasons during the study period. A few studies focusing on the 

relationship between climate factors (including rainfall) and diarrhoea have been conducted 

in southern Vietnam (Few et al. 2013;Kien et al. 2010;Kelly-Hope et al. 2008;Phung et al. 

2015a;Phung et al. 2015b). These studies suggest that diarrhoea is associated with 

disruption to normal water/sanitation services and hygiene behaviour, and with the 

spreading of contamination by flood events after heavy rainfall, which can contaminate 

drinking water sources and inundate latrines and reduce access to safe water sources and 

affect hygienic toilet practices. However, none of these studies have as comprehensively 

described the short-term pattern of intestinal risk associated with heavy rainfall events as 

this study. The high heterogeneity of the effects across HRE events observed in this study 

may be due to variation in HRE characteristics (intensity, length, spatial distribution of HRE 

impacts), or to socio-economic conditions and demographic factors related to health 

adaptive capacity, such as preparedness of preventive medicine and healthcare system and 

individual household coping strategies, to such heavy rainfall events in specific communities. 

Further studies that consider these factors should be conducted to better identify the cause 

of variability in the effects of HREs. 
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We propose several possible pathways for infection from HREs. First, HREs can mobilize 

pathogens from human/animal excreta present in soils and on environmental surfaces or 

sub-surfaces and transport them into surface water exposing inhabitants to infectious 

agents (Levy et al. 2016). Further treatment of water sources during flood events in HCMC 

can be compromised. Second, some studies have also indicated that HREs can also lead to 

resuspension of pathogens in sediment or in soils (Jofre et al. 2010;Jean et al. 2006), and 

cause contamination of groundwater (Gelting et al. 2005), leading to saturation of the 

subsurface,  which facilitates water transport of pathogens into surface or ground water 

(Fong et al. 2007). Third, HRE can promote manure-borne oocyst transport of protozoan 

pathogens in agricultural settings (Sterk et al. 2013) and may result in splashing of manure-

amended soils onto fresh produce (Liu et al. 2013) hence increasing health risks through 

food consumption. Exposure to zoonotic pathogens can also generate illness through 

recreational contact such as swimming (Ihekweazu et al. 2006). In this study, the disruption 

of water/sanitation is likely more than zoonotic transmission, since in the urban areas of 

HCMC high population density and overload of water systems may result in the disruption of 

continuity of water supply and sanitation facilities. Meanwhile, the transmission of zoonotic 

pathogens is likely more common in rural areas with more agricultural activities (e.g. animal 

stocks) and natural recreational contact (e.g. swimming in natural ponds, rivers). A more 

comprehensive overview of potential mechanisms for the patterns of the effects of HRE and 

flooding on diarrhoeal diseases is described in the review by Levy et al (2016).  

Our study has some limitations. First, the data on hospital admissions for intestinal 

infectious diseases were collected from only two hospitals in the HCMC and represent the 

most serious cases that were required to be hospitalized. Minor cases are not likely to be 

admitted  to hospitals, hence reducing the number of admissions making data analyses less 

sensitive in detecting the relationship between HRE and IID. However, the two hospitals 

involved in this study are the biggest multi-faculty hospitals in HCMC and patients were 

admitted from all around HCMC, so the pattern of IID in these two hospitals would be 

representative for IID in HCMC. Second, the socio-economic and behavioural factors of 

individual cases, which might cause variability in HRE-IID relationship across geographical 

areas and communities, were not considered in this study. However the study examined the 

short-term relationship between HRE and IID such that the socio-economic and behavioural 

factors are not expected to change in such a short period of time. Unfortunately, we did not 
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have data of disease outbreaks, so future studies should consider this as one factor to 

control. Third, this study could not examine the relationship between HRE and individual 

cause-specific IID due to the very small number of admissions for each disease from 2 

hospitals of a single city. A previous study has indicated that the effects of climate factors 

may be different for specific types of diseases (Phung et al. 2016). Thus, future studies on a 

larger scale with multiple cities should be conducted to increase the number of cases for 

cause-specific IID. Finally, this study was unable to collect data on the spatial impact of HRE 

events which may lead to misclassification of spatial distribution of exposures. For example, 

for a HR event might have greater impacts in some districts might be heavily due to more 

exposed to rainfall. Thus the study assumed that all HRE events had the same impact on the 

entire city. Future study should consider adjusting the data on spatial coverages or intensity 

of rainfall events. In order to better develop appropriate adaption strategies, further study 

should be conducted to better understand the contamination pathways of the pathogens 

causing IID among residents. 

 

 

5.0 Conclusion 

The results of this study indicate that heavy rainfall events significantly increase the risk 

of hospitalization for intestinal infectious diseases in Ho Chi Minh City. As HCMC is highly 

vulnerable to climate change and extreme rainfall events are projected to increase in this 

city these findings suggested that there is likely to be an increased hospital and community 

burden from IID in the future. Thus our findings help us better understand the projected 

impacts on residents in this most populous city of Vietnam. Public health adaptation and 

intervention programs (e.g. improving the capacity of the health sector in the field of 

climate change adaptation, educating community members in minimizing the effects of 

extreme weather events, developing HRE-health risk early warning systems, etc., improving 

treatment systems continuously and in anticipating of HRE, consuming alternative water 

sources during HREs) should be developed to prevent this additional burden of disease and 

to protect residents from changing climate conditions. In addition, the evidence from this 

study may also imply that similar effects will be observed in other cities which have 

conditions similar to HCMC. Future studies may need to be conducted to understand the 

HRE-IID relationship on a larger scale across Vietnam. 
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Figure1. Daily admissions due to infectious intestinal diseases, and rainfalls, temperature, humidity  
Figure2. Changes in admissions due to infectious intestinal diseases following a heavy rainfall event 
Figure3. Pooled estimates of % change in admissions due to infectious intestinal diseases by lag days  
Figure4. Change in baseline, level, and trend of admissions due to infectious intestinal diseases in 4-
days following a heavy rainfall event  
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1. Flooding following a HRE in HCMC 
2. Effects of individual HRE 
3. Forest plots of pooled estimates from lag 1-12 
4. Forest plots of pooled estimates from lag 13-21 

 


