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1. Introduction 
A five-year human papillomavirus (HPV) vaccine demonstration project is under way in Uganda 

and three other countries to demonstrate how existing health systems can be adapted to 

successfully provide HPV vaccine to young adolescent girls. HPV vaccine is a strong candidate 

for storage and transport in a controlled temperature chain at temperatures higher than the 

standard 2º to 8ºC cold chain storage given its characteristics of high heat stability and freeze 

sensitivity. Published data on the stability of the CeravixTM HPV vaccine (GlaxoSmithKline 

Biologicals, Rixensart, Belgium) show that the product is stable for up to 3 years when stored at 

2º to 8ºC with simulated cold chain breaks of either one week at 37ºC or for weeks at 25ºC.1 A 

research paper on GARDASIL® HPV vaccine (Merck & Co., Inc, Whitehouse Station, NJ, USA) 

showed this product to be extremely stable—for periods of 130 months or longer at 25ºC. At 

higher temperatures of 37º to 42ºC, the vaccine maintained more than 50% of its potency for 

several months.2 Furthermore, the storage and handling information for GARDASIL® includes 

the statement that it can be stored out of refrigeration (at temperatures at or below 25°C/71°F) 

for a total time of not more than 72 hours.3  

This report presents some temperature conditions both in and out of the cold chain collected by 

electronic temperature data recorders during transport, storage, and administration of HPV 

vaccine in Uganda. Data were recorded during outreach sessions conducted by the demonstration 

project in the Ibanda District in early July 2009 and the Nakasongola District in October 2009.  

2. Objective 
The primary objective for this temperature monitoring protocol was to gather ambient 

temperature data during HPV vaccine delivery in differing geographic settings and seasons. 

These data will be compared to the known heat-stability profile of the HPV vaccine to further the 

international dialogue on the appropriateness of higher temperature storage and transport for 

HPV vaccine. A secondary objective was to collect data about temperatures inside the cold chain 

(ICC) during storage and transport of vaccines. 

3. Methods 
3.1 Study sites  
The HPV vaccine demonstration project sites chosen for this study were the Ibanda District 

(western region of Uganda) and the Nakasongola District (central region of Uganda). These two 

districts represent two delivery strategies utilized in the project—a school-based and a Child 

Days Plus (CDP)-based strategy. The school-based strategy involves a separate trip by health 
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workers to each individual school. The CDP strategy represents HPV vaccine being added to 

vaccine carriers that have catch-up vaccines already going out during CDP, thus not requiring a 

separate trip for health workers.  

In July 2009, 24 temperature recorders were sent to the HPV vaccine demonstration project 

district of Ibanda where 12 health centers utilized a school-based delivery strategy for the second 

HPV vaccine dose. In October, the temperature recorders were sent to the Nakasongola District, 

where 12 health centers utilized a CDP strategy for the third HPV dose.  

The selection of health centers within the districts was done in consultation with the district 

health teams and emphasized variations in different aspects affecting ambient temperature. These 

variations included: 

• Temperature (Ibanda has some mountainous areas, while Nakasongola has some desert 

areas). 

• Duration of the vaccine outreach sessions. 

• Time of day in which the outreach sessions take place. 

• The means of transport. 

In Uganda there are two wet seasons, the wettest from March to May, and a lighter rainy season 

in October and November. Dry seasons are December to February and June to August. Rainfall 

ranges between 500 mm to 2500 mm and the relative humidity is 70 to 100%. Temperatures are 

fairly consistent year round, with monthly average high temperatures from 25º to 30ºC, and 

monthly average low temperatures from 13º to 15ºC. 

Table 1. Selected health centers and the criteria for selection. 

 Health center Sub-county Remarks 

Ib
an

da
 D

is
tr

ic
t 

Bufunda HC III Ibanda T/C Near the district vaccine store in urban center. 
Ruhoko HC IV Nyabuhikye Big center covers a wide area. 
Bwahwa HC II Nyabuhikye Hard to reach, higher altitude. 
Rukiri HC III Rukiri Hard to reach, higher altitude. 
Irimya HC II Kicuzi Both high and low areas. 
Kikyenkye HC III Kikyenkye Remote—hardest to reach, high altitude. 
Bisheshe HC III Bisheshe Covers a wider area, much movement. 
Kashangura HC II Bisheshe Covers a wider area, much movement. 
Ishongororo HC IV Ishongororo Covers a wider area, much movement. 
Kijongo HC II Ishongororo Remote and low altitude. 
Nyamarebe HC III Nyamarebe Covers a wider area, much movement. 
Bihanga HC II Nyamarebe Covers a wider area, much movement. 
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 Health center Sub-county Remarks 
N

ak
as

on
go

la
 D

is
tr

ic
t 

Kisaalizi Lwampanga Highest temperatures, full day outings. 
Military Hospital Lwampanga Highest temperatures, full day outings. 
Nakayonza Lwabiyata Full day outings. 
Walukunyu Nabiswera Full day outings, use of bicycles. 
Mulonzi Nabiswera Full day outings, use of bicycles. 
Nakitoma Nakitoma Full day, includes outreach. 
Sikye Wabinyonyi Cool location. 
Kalungi Kalungi Full day outings. 
Mayirikiti Kalongo Full day outings. 
Kakooge Kakooge Full day outings, cool location. 
Batuusa Kakooge Full day outings, cool location. 
Nakasongola Nakasongola Full day outings. 

 
3.2 Data collection  
Health workers from the selected sites received training in the protocol and record keeping 

during the study. When vaccine was picked up by health center staff preparing for HPV vaccine 

outreach, small temperature recording devices were attached to the interior and exterior of the 

vaccine cold boxes. The interior logger tracked the ICC temperature where the vaccines were 

kept, while the exterior logger tracked the ambient temperature outside the cold chain (OCC). 

The temperature recorders were to be kept with the vaccines at all times until the vaccines were 

returned to the health center. The person in charge of these vaccines documented the date, time, 

and location of each place that the vaccine was stored and delivered the information on a custom 

data form. When the vaccines were returned to the health center stores, the recorders were 

removed and returned to the district office and sent later on to the local PATH office, along with 

the data forms, for downloading and analysis.  

The temperature loggers used were model 

Trix-8 from LogTag Temperature 

Recorders based in Auckland, New 

Zealand. They are slightly larger than a 

credit card in size, and recording accuracy 

is ±0.5°C. They were programmed to 

automatically record temperature readings 

every 5 minutes during the study. Data 

loggers from all 24 health centers were 

downloaded through use of LogTag 

software and a LogTag interface cradle. 

These data were then exported into 
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Microsoft Excel for analysis and compared with the written monitoring forms. Charts were made 

to show the temperatures over the period that immunization sessions were taking place, and these 

charts were examined for indication that the protocol was followed correctly and to see if 

temperature excursions from the acceptable 2º to 8ºC occurred in the cold chain. 

4. Results 
Annex 2 contains charts for each of the health centers. These provide a useful picture of the 

situation in each of the health centers during the study. Further analysis is reported in the 

following tables: Table 2 shows the maximum and minimum temperatures recorded by the data 

loggers in the period of days between the start of the first immunization session and the end of 

the last immunization session (in most of the health centers in Nakasongola, the loggers timed 

out before the end of the last immunization session. In this case all data that are available from 

the start of the first immunization session are included in the analysis). The average temperatures 

measured ICC and OCC during each period of immunization activity are displayed in the chart in 

Figure 1, and listed in tabular form in Annex 1. During immunization activity, the ICC loggers 

were inside vaccine carriers. 

Table 2. Maximum and minimum temperatures recorded during the period of days between the 
start of first and end of last immunization sessions. 

Health 
Center 

OCC 
max 

OCC 
min 

ICC 
max 

ICC 
min 

Date 
start 

Time 
start 

Date  
end 

Time  
end 

Ibanda District 
Bufunda 31.39 21.67 17.72 3.33 3-Jul-09 11:29 AM 8-Jul-09 12:49 PM 
Bihanga 31.56 22.72 12.22 0.89 8-Jul-09 9:20 AM 14-Jul-09 12:15 PM 
Irimya 29.56 22.83 27.89 2.78 7-Jul-09 10:00 AM 8-Jul-09 11:55 AM 
Kashangura 31.56 21.89 5.56 0.11 8-Jul-09 9:22 AM 9-Jul-09 12:22 PM 
Bisheshe 32.72 17.94 15.83 -7.72 2-Jul-09 7:56 AM 7-Jul-09 3:01 PM 
Bwahwa 32.28 17.56 9.67 -7.67 3-Jul-09 8:13 AM 7-Jul-09 2:53 PM 
Ishongororo 31.83 20.33 8.33 -4.67 1-Jul-09 9:37 AM 8-Jul-09 3:27 PM 
Kijongo 32.39 23.22 31.72 -0.17 1-Jul-09 10:57 AM 2-Jul-09 3:12 PM 
Nyamarebe 33.72 18.83 25.61 -0.11 6-Jul-09 8:09 AM 8-Jul-09 1:09 PM 
Rukiri 40.89* 20.50 9.06 0.89 6-Jul-09 9:55 AM 15-Jul-09 12:20 PM 
Ruhoko 29.78 19.83 22.33 -6.33 1-Jul-09 12:07 PM 17-Jul-09 12:12 PM 
Kikyenkye 32.50 20.50 11.60 -0.40 1-Jul-09 9:39 AM 8-Jul-09 1:39 PM 

Nakasongola District 
Walukunyu 39.6 21.2 12.4 0.8 6-Oct-09 11:18 AM 27-Oct-09 8:08 PM 
Sikye 32.50 21.83 14.94 1.39 12-Oct-09 9:22 AM 27-Oct-09 10:07 PM 
Nakitoma 33.61 20.22 13.33 1.44 1-Oct-09 9:00 AM 27-Oct-09 10:04 PM 
Nakayonza 32.50 20.94 11.83 -0.17 1-Oct-09 9:04 AM 27-Oct-09 10:03 PM 
Nakasongola 35.39 22.17 30.06 -5.67 1-Oct-09 10:30 AM 27-Oct-09 9:59 PM 
Mulonzi 31.39 18.22 17.06 -2.89 16-Oct-09 10:55 AM 27-Oct-09 9:58 PM 
Military 38.39 21.28 27.28 1.83 1-Oct-09 8:00 AM 27-Oct-09 4:15 PM 
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Kisaalizi 30.94 23.78 9.56 0.39 14-Oct-09 9:54 AM 27-Oct-09 9:52 PM 
Kalungi 33.67 21.11 25.94 0.61 5-Oct-09 9:03 AM 27-Oct-09 1:18 PM 
Kakooge 34.78 20.89 14.83 5.67 5-Oct-09 11:00 AM 27-Oct-09 12:35 AM 
Batuusa 34.56 21.50 18.11 5.56 1-Oct-09 11:50 AM 27-Oct-09 10:09 PM 
Walukunyu 39.6 21.2 12.4 0.8 6-Oct-09 11:18 AM 27-Oct-09 8:08 PM 
* Spike above 40 degrees in Rukiri is brief and looks as if it could have been caused by placement in a 

hot car or in direct sunlight for a short time. It did not occur during one of the reported immunization 
sessions. 

 
Figure 1. Average temperatures measured inside and outside the cold chain during immunization 
outings. 
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5. Analysis and Discussion 
5.1 Ambient temperatures and session length  
In Ibanda District, the average ambient temperatures during individual immunization outings 

ranged from 22.2º to 29.2ºC. The overall time-weighted average ambient temperature for all 

immunization outings was 25.6ºC. Over all immunization outings in Ibanda, the maximum 

ambient temperature reached was 32.7ºC except in the case of Rukiri where a high temperature 

of 40.9ºC was recorded. This Rukiri temperature spike is a significant outlier from the rest of the 

data and may have been caused by a short exposure to some external heat source. In 

Nakasongola, the average ambient temperatures during individual immunization outings ranged 

from 22.5º to 30.0ºC, and the maximum ambient temperature reached during immunization 
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sessions was 35.4ºC. The overall time-weighted average ambient temperature during 

immunization outings was 26.6ºC, one degree hotter than in Ibanda. Temperature peaks 

generally occur in late afternoon, and morning to night temperature variations were less than 5ºC 

in most centers, although a couple of health centers in Nakasongola showed 10 degree variations.  

Of the 38 immunization outings recorded in Ibanda District, maximum, minimum, average, and 

median outing length in hours were 8.3, 1.0, 3.6, and 3.0, respectively. During these outings, 

health workers reached from one to seven schools, though most outings consisted of visits to two 

to four schools. In Nakasongola, the number of immunization outings was 65, and the maximum, 

minimum, average, and median outing length in hours were 24.3, 1.1, 4.7, and 3.8, respectively. 

Health workers conducted one to four immunization sessions during each immunization day, 

though most days only one or two.  

Looking at ambient temperatures for the entire monitoring period, including days and times 

when no immunization session took place, recordings above 37ºC were extremely rare, occurring 

only three times in three different locations—twice for a duration of 30 minutes, and once for 35 

minutes. 

5.2 Temperatures inside the cold chain 
In slightly over half of the 103 total outings taken by health care workers in Ibanda and 

Nakasongola districts the combined average of the recorded temperatures was in the 2º to 8ºC 

range recommended for vaccines. About one quarter of the total outings had average recorded 

temperatures greater than 8ºC, and only two of these were above 15ºC. 

In Ibanda, in 8 of the 12 health centers, the ICC temperature logger recorded temperatures below 

2ºC during immunization sessions, and in 4 of these 8, the readings included freezing 

temperatures below 0ºC. In Nakasongola, 9 of the 12 health centers had ICC temperature logger 

data below 2ºC during immunization sessions and temperatures below 0ºC in carriers from two 

health centers. Among the 6 health centers in the combined districts that had temperature 

excursions below 0ºC during immunization sessions, there were a total of 21 excursions, ranging 

in duration from 5 minutes to 3 hours and 35 minutes. The average duration of freezing 

temperature excursions was 1 hour and 5 minutes.  

Freezing temperatures can be reached in a vaccine carrier when ice packs are loaded into the 

carrier directly from the freezer without proper conditioning to warm them. The World Health 

Organization (WHO) recommends the conditioning of ice packs to prevent freezing of 

vaccines.4,5 Though the loggers measured freezing temperatures in vaccine carriers, it cannot be 

absolutely stated that vaccines were exposed to these same temperatures nor that vaccines 
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actually physically froze, which is when damage occurs. Data are not available on the freezing 

point of HPV vaccine, but it is likely below 0ºC. In addition, exposure of vaccines to subzero 

temperatures does not necessarily equate to vaccine damage as many factors play a role in the 

extent of freeze damage—including the presence or absence of agitation, duration of exposure, 

and number of freeze-thaw cycles incurred.6  

5.3 Performance of refrigerators 
Because most of the health center staff kept the ICC temperature logger with the vaccines in the 

refrigerator between immunization days, the recorded data provide a window into the operation 

of the refrigerators in those centers.  

In Ibanda District, of the 10 centers that kept the loggers in the refrigerator between sessions, 3 

had single excursions into temperatures below 2ºC, and 2 showed more regular poor 

performance of the refrigerator. In Ruhoko the temperature profile has some unusual sections 

that are difficult to explain. It could be that the refrigerator was switched off for a time or that the 

temperature logger was removed from the refrigerator (see the health center temperature charts 

in Annex 2 for a view of the recorded data).  

In Nakasongola all health centers kept the loggers in the refrigerator between immunization 

outings. In 3 centers the refrigerator temperature rose to ambient temperature, in each case for 

about 2 days duration. In 2 of these centers the monitoring forms included notes that gas was 

used up, and vaccines were subsequently moved to other centers. In 5 centers, there were 

refrigerator temperature excursions between 10º and 15ºC, and in one center the refrigerator 

temperature fell below 0ºC for about 18 hours to a low of about -5.1ºC. 

Combining the 5 health centers in the Ibanda and Nakasongola districts that had refrigerator 

temperature excursions below 0ºC, there were a total of 11 excursions ranging in duration from 1 

hour and 30 minutes to 18 hours and 25 minutes. The average duration was 6 hours and 55 

minutes. 

6. Conclusion 
Continuous monitoring of temperatures both inside and outside the cold chain during periods of 

immunization activity is an interesting way to view the conditions to which vaccines may be 

exposed. This study was conducted in particular to help answer the question: what are some 

examples of ambient temperatures in which HPV vaccine sessions are being conducted? This 

information is being collected to contribute to answering the larger question: would storage in a 

controlled temperature chain higher than the current 2º to 8ºC be feasible for HPV vaccines? 
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It is important to note that the data collected in this study only reflect the temperature that the 

loggers were exposed to, and we cannot conclude absolutely that vaccines were exposed to these 

same temperatures. Variations in temperature in different areas of the fridge or carrier and 

variations in user compliance with study protocols could lead to differences between 

temperatures of the logger and the vaccine. However, these data serve as a reminder that it is 

possible to reach freezing temperatures in both refrigerators and vaccine carriers. The occurrence 

of freezing temperatures in vaccine cold chains is common in countries throughout the world and 

has been well documented.7 It is important to practice good refrigerator management such as 

using max-min thermometers, performing regular temperature monitoring, and ordering 

maintenance if monitoring indicates refrigerator performance is not meeting the standard. These 

data also reinforce the need for following WHO’s recommendation of ice pack conditioning or 

use of chilled water packs where appropriate. 

Based on the data collected in this study, the following conclusions can be made: 

1. Ambient temperatures in Ibanda District in July and Nakasongola District in October of 2009 

fluctuate around averages in the mid- to upper-20°C, with occasional brief spikes into the 

mid-30°C range.  

2. A majority of immunization outings fall under 4 hours in duration, even when sessions in 

multiple locations are conducted. 

There is nothing in these findings that precludes further exploration of the use of controlled 

temperature chains at temperatures higher than 2º to 8ºC, and in fact this could have a positive 

impact given that our findings indicate that exposure to freezing temperatures could be a risk in 

the standard cold chain. Following are some specific recommendations based on the results of 

this study: 

1. As mentioned earlier in this report, the labeling for the Merck HPV vaccine now allows non-

refrigerated storage of the vaccine for not more than 72 hours at temperatures not to exceed 

25ºC. This could be used by health workers to eliminate ice from vaccine carriers while still 

remaining compliant with manufacturer’s storage and handling instructions. This study has 

shown that ambient temperatures often exceed 25ºC in Uganda, but vaccine carriers with 

chilled water packs could provide an appropriate temperature environment for the vaccine.8 

2. Current studies are ongoing to evaluate the stability of several hepatitis B vaccine products at 

37ºC. If results are positive, this study indicates that ambient temperatures could be 

compatible conditions for hepatitis B storage and transport over short time periods. 
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3. The ambient temperature data collected during this study could be made available to 

manufacturers seeking to develop temperature profiles to test thermal stability of vaccines at 

higher temperature storage and transport than the traditional 2º to 8ºC. 
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Annex 1—Temperature data from immunization sessions 
The following chart displays the average temperatures inside and outside the cold chain during the days 
when immunization outings took place. The number of sessions represents the number of either school-
based or outreach immunization sessions that took place during the day. 

Seq 
# 

Health center & 
day sequence 

Date Avg Temp 
ICC (ºC) 

Avg Temp 
OCC (ºC) 

Outing 
duration (hr) 

# of 
sessions 

1 Bihanga #2* 10-Jul-09 4.56 26.41 5.00 2 
2 Bisheshe #1 2-Jul-09 0.06 22.20 5.08 7 
3 Bisheshe #2 3-Jul-09 -3.08 25.65 4.58 3 
4 Bisheshe #3 6-Jul-09 6.24 27.00 5.42 5 
5 Bisheshe #4 7-Jul-09 2.68 26.29 5.42 5 
6 Bufunda #1 3-Jul-09 6.85 25.96 1.58 2 
7 Bufunda #2 6-Jul-09 10.96 25.77 1.92 4 
8 Bufunda #3 8-Jul-09 14.73 27.39 2.25 3 
9 Bwahwa #1 3-Jul-09 -0.75 25.09 8.17 3 
10 Bwahwa #2 7-Jul-09 -2.18 24.77 6.00 4 
11 Irimya #1 7-Jul-09 5.01 27.36 2.08 2 
12 Irimya #2 8-Jul-09 2.74 29.23 5.50 3 
13 Ishongororo #1 1-Jul-09 3.72 24.87 2.50 4 
14 Ishongororo #2 2-Jul-09 -0.51 24.54 2.33 5 
15 Ishongororo #3 6-Jul-09 1.09 25.26 4.33 7 
16 Ishongororo #4 8-Jul-09 0.74 28.61 1.33 5 
17 Kashangura #1 8-Jul-09 3.19 25.79 2.92 4 
18 Kashangura #2 9-Jul-09 1.16 24.38 3.42 4 
19 Kijongo #1 1-Jul-09 1.05 25.46 2.17 2 
20 Kijongo #2 2-Jul-09 1.27 26.10 5.17 3 
21 Kikyenkye #1 1-Jul-09 1.26 24.46 2.51 3 
22 Kikyenkye #2 2-Jul-09 4.15 24.39 3.08 3 
23 Kikyenkye #3 3-Jul-09 3.52 25.00 2.33 4 
24 Kikyenkye #4 6-Jul-09 4.91 23.90 2.42 3 
25 Kikyenkye #5 7-Jul-09 3.38 26.52 4.92 5 
26 Kikyenkye #6 8-Jul-09 1.24 25.44 3.75 4 
27 Nyamarebe #1 6-Jul-09 22.70 24.86 8.33 6 
28 Nyamarebe #2 7-Jul-09 8.41 24.42 8.00 4 
29 Nyamarebe #3 8-Jul-09 6.05 25.55 4.00 2 
30 Ruhoko #1 1-Jul-09 1.61 26.61 2.50 2 
31 Ruhoko #2 3-Jul-09 -0.75 24.04 1.25 3 
32 Ruhoko #3 9-Jul-09 1.71 26.88 1.00 2 
33 Ruhoko #4 14-Jul-09 5.78 28.62 1.67 4 
34 Ruhoko #5 17-Jul-09 6.80 24.47 1.08 1 
35 Ruhoko #6 22-Jul-09 -2.74 28.21 1.00 0 
36 Rukiri #1 2-Jul-09 1.84 24.65 3.75 2 
37 Rukiri #2 6-Jul-09 2.40 25.57 4.50 3 
38 Rukiri #3 15-Jul-09 2.61 28.39 2.67 2 
39 Batuusa#1 1-Oct-09 10.76 28.68 6.2 2 
40 Batuusa#2 8-Oct-09 14.85 25.29 4.3 2 
41 Batuusa#3 13-Oct-09 12.21 28.04 2.9 2 
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Seq 
# 

Health center & 
day sequence 

Date Avg Temp 
ICC (ºC) 

Avg Temp 
OCC (ºC) 

Outing 
duration (hr) 

# of 
sessions 

42 Batuusa#4 15-Oct-09 12.59 28.02 2.7 1 
43 Batuusa#5 21-Oct-09 11.70 27.83 3.7 2 
44 Kakooge#1 5-Oct-09 13.01 27.32 2.9 1 
45 Kakooge#2 7-Oct-09 11.67 26.54 1.7 1 
46 Kakooge#3 15-Oct-09 11.05 26.81 2.8 1 
47 Kakooge#4 23-Oct-09 7.00 28.80 1.1 1 
48 Kakooge#5 27-Oct-09 6.90 26.33 3.4 1 
49 Kalungi#1 5-Oct-09 4.70 26.77 9.3 4 
50 Kalungi#2 6-Oct-09 6.97 26.36 4.8 3 
51 Kalungi#3 7-Oct-09 8.99 26.42 3.4 3 
52 Kalungi#4 13-Oct-09 1.77 27.65 7.1 1 
53 Kalungi#5 15-Oct-09 8.72 28.15 3.3 1 
54 Kalungi#6 27-Oct-09 9.12 24.64 4.5 1 
55 Kisaalizi#1 14-Oct-09 1.82 28.58 4.3 2 
56 Kisaalizi#2 15-Oct-09 4.95 28.69 7.2 3 
57 Kisaalizi#3 16-Oct-09 3.60 27.73 3.1 1 
58 Mayirikiti#1 1-Oct-09 4.99 25.94 3.6 1 
59 Mayirikiti#2 2-Oct-09 10.51 25.09 4.4 2 
60 Mayirikiti#3 6-Oct-09 12.48 27.55 4.3 2 
61 Mayirikiti#4 14-Oct-09 9.68 28.23 4.1 1 
62 Mayirikiti#5 16-Oct-09 4.39 25.64 6.3 1 
63 Military#1 5-Oct-09 2.00 24.76 5.2 1 
64 Military#2 6-Oct-09 2.14 22.84 2.3 1 
65 Military#3 7-Oct-09 2.76 24.17 3.4 1 
66 Mulonzi#1 16-Oct-09 0.20 26.75 5.6 1 
67 Mulonzi#2 19-Oct-09 2.87 24.71 9.7 1 
68 Mulonzi#3 20-Oct-09 5.80 26.44 4.6 1 
69 Mulonzi#4 21-Oct-09 1.39 22.52 24.3 1 
70 Mulonzi#5 22-Oct-09 10.51 27.53 6.8 1 
71 Mulonzi#6 23-Oct-09 8.57 28.40 2.8 1 
72 Nakasongola#1 1-Oct-09 3.86 26.57 2.3 1 
73 Nakasongola#2 8-Oct-09 3.81 23.38 3.0 1 
74 Nakasongola#3 12-Oct-09 5.08 27.68 4.1 2 
75 Nakasongola#4 13-Oct-09 4.76 28.33 3.3 1 
76 Nakasongola#5 15-Oct-09 19.42 28.58 2.7 1 
77 Nakasongola#6 16-Oct-09 0.32 29.40 2.6 1 
78 Nakayonza#1 1-Oct-09 2.44 25.65 2.2 2 
79 Nakayonza#2 5-Oct-09 2.56 25.78 3.2 1 
80 Nakayonza#3 7-Oct-09 5.15 27.13 6.2 2 
81 Nakayonza#4 12-Oct-09 2.76 28.10 2.6 1 
82 Nakayonza#5 13-Oct-09 8.20 28.22 3.0 1 
83 Nakayonza#6 16-Oct-09 5.53 24.67 3.5 1 
84 Nakayonza#7 20-Oct-09 1.98 26.35 2.3 1 
85 Nakitoma#1 1-Oct-09 3.23 24.33 1.9 2 
86 Nakitoma#10 21-Oct-09 5.79 28.70 5.2 2 
87 Nakitoma#2 2-Oct-09 3.29 23.72 3.8 2 
88 Nakitoma#3 5-Oct-09 6.82 27.61 8.0 2 
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Seq 
# 

Health center & 
day sequence 

Date Avg Temp 
ICC (ºC) 

Avg Temp 
OCC (ºC) 

Outing 
duration (hr) 

# of 
sessions 

89 Nakitoma#4 6-Oct-09 4.90 26.45 7.8 2 
90 Nakitoma#5 7-Oct-09 6.67 26.37 6.9 3 
91 Nakitoma#6 12-Oct-09 2.42 24.01 2.4 2 
92 Nakitoma#7 13-Oct-09 2.29 28.21 6.9 2 
93 Nakitoma#8 14-Oct-09 5.61 28.39 6.0 2 
94 Nakitoma#9 16-Oct-09 3.14 25.00 3.3 2 
95 Sikye#1 12-Oct-09 6.85 26.64 2.5 1 
96 Sikye#2 13-Oct-09 10.41 28.40 7.3 2 
97 Sikye#3 14-Oct-09 8.02 28.48 4.4 2 
98 Sikye#4 15-Oct-09 10.39 25.60 1.8 1 
99 Walukunyu#1 6-Oct-09 6.28 28.01 5.6 2 
100 Walukunyu#2 15-Oct-09 3.56 27.20 7.8 2 
101 Walukunyu#3 20-Oct-09 7.76 29.95 1.6 1 
102 Walukunyu#4 22-Oct-09 4.11 26.62 6.4 2 
103 Walukunyu#5 26-Oct-09 3.79 27.71 5.8 1 

* The temperature data from Bihanga indicates that the protocol was followed only for the 2nd of 3 sessions. For the 
other sessions, the ICC logger looks like it stayed in the refrigerator. 
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Annex 2—Health center temperature graphs 

Bihanga Health Center 
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Though vaccination sessions took 
place on the 8th, 10th, and 14th, 
given the data, it seems that the temp 
monitors only left the health center on 
the 10th.
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Bufunda Health Center 
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Irimya Health Center 
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Kashangura Health Center 
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Kikyenkya Health Center 
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Ruhoko Health Center 
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Batuusa Health Center 
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Kalungi Health Center 
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12 Oct, vaccine 
moved into 
refrigerator at 
Kazwama HCII

10 Oct, refrigerator ran out of 
gas. Vaccine moved to vaccine 
carrier.

14 Oct vaccines 
moved back to 
Kalungi HC

13 Oct session7 Oct session

5 Oct session

 

Kisaalizi Health Center 
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Mayirikiti Health Center
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According to notes on the monitoring form, 
refrigerator at Mayirikiti ran out of gas on 14th, 
and vaccines were transferred to Kalungi HCIII, 
but if that is so, it looks like the refrigerator in 
Kalungi also was not working, as inside temp 
rises to ambient temp.
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Mulonzi Health Center 
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Looks like refrigerator ran out of gas 
or otherwise malfunctioned starting 
morning of 14th.

Refrigerator excursion 
below -5ºC.
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Nakayonza Health Center 
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Sikye Health Center 
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