
Executive Summary:

After the first semester of 2017, according to the Brazilian 

Health Ministry, more than 500 infection cases were 

confirmed and 464 cases of the wild form in humans, with 154 

deaths confirmed by mid February 2018. The health authority 

concerns are, that with the rainy season in the southeast of 

the country and as the cases have been reported in densely 

populated areas, these could lead to an increase in cases 

within the urban cycle.

For the vaccination campaign the Health Ministry intends to 

immunize around 23 million people in 2 months, mainly in the 

States of São Paulo, Rio de Janeiro and Bahia. 

 

For this strategy, it will distribute standard (0.5 ml) and 

fractionated doses (0.1 ml) of the vaccine throughout the 

vaccination stations.

The vaccine is a sensitive product requiring proper storage 

and handling during every stage of the cold chain. This 

includes from the manufacturing facility, transport, temporary 

storage from the producer laboratory, cold chambers, to 

regional, state, and vaccination stations.

The importance of protecting the vaccine 
supply in yellow fever breakthrough.
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Storage and transport strategies to maintain efficacy on regular and attenuated dosage forms in endemic areas of Brazil.
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Background information:

Immunobiological Technology Institute is an operational unit 

of the Oswaldo Cruz Foundation, based in Rio de Janeiro. It 

is active in the areas of research, innovation, technological 

development and also production of vaccines, reactive and 

biopharmaceuticals and focuses mainly on national public 

health. The Vaccines Technological Complex (CTV) is one of 

the largest production centers of Latin America.

The production of the vaccine against yellow fever consists 

of an attenuated virus of the sub-strain 17DD, cultivated 

in chicken embryo. It has an immunogenicity of 90% to 

98% of the population, and with the antibodies appearing 

between the 7th and 10th day after its application. Even the 

fractionated dose can immunize for 8 years. Other excipients 

are sucrose, glutamate, sorbitol, hydrolised bovine gelatin, 

eritromicin and kanamicin.

The Immunobiological Technology Institute relies on Testo 

data loggers for monitoring and management of temperature 

data in different areas and applications:

- Cold chambers (2 to 8 °C)

- freezers (-20 °C)

- Climatic chambers ( +15 to +25 °C) 

- Refrigerated trucks (2 to 8 °C)

- Refrigerated trucks (-20 °C) 

- Transport validation.

The Testo data loggers are used in critical process points 

during its qualification (min and max) and they act as 

continuous monitoring (every 15 minutes). The graphical 

display of those continuous recordings are used to confirm 

the proper operational conditions of the equipment inside the 

acceptable temperature range.

The Testo data loggers can monitor quality parameters in 

production rooms guaranteeing the product integrity with 

the  measurements of humidity and temperature with data 

transmission via Wi-Fi or Ethernet for automated data 

collection and comprehensive alarm management.

The correct temperature conditions for storing sensitive 

products such as vaccines is a key quality assurance  

attribute.

testo Saveris is a GxP integrated platform for data loggers 

in production, storage and distribution compliant with GxP 

and 21 CFR Part 11 with the possibility of integration of other 

parameters like differential pressure, CO₂, particles, etc.

“Testo instruments are already used in continuous 

measurements at process areas and within our cold 

chambers. They supply us with real time information, 

so we can monitor and control critical parameters for 

our products.

With this continuous information, Immunobiological 

Technology Institute quality assurance can safely 

analyze and liberate produced batches to the market 

in a safe manner. Apart from this, Testo instruments 

are also used for process validation in working areas 

and for logistical processes”
 
Walter Alexandre dos Santos Junior - 
Equipment and systems qualification department

Fiocruz, Biomanguinhos Vaccine production plant in Rio de Janeiro, Brasil
Photographer: Bernardo Portella – Ascom/Bio-Manguinhos
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Importance of temperature monitoring in transport and 

storage

Studies conducted show that a decrease of vaccine potency 

and efficacy is caused by improper storage and handling, 

particularly of liquid vaccines when stored in freezing 

temperatures and in some cases even below +2 °C. There 

are many factors that usually result in appearance changes, 

including adsorption of the vaccine when aluminium is used 

as an adjuvant, antigen dissociation, particle agglomeration 

with difficult resuspension, coagulation, etc. On the other 

hand, higher temperatures may decrease the potency and the 

efficacy of immunobiologics from attenuated virus vaccines 

like yellow fever, measles, mumps, rubella, polio oral and 

varicella.

The manufacturing process of the yellow fever vaccine at 

Biomanguinhos, due to the excipients used as well as the fact 

that the vaccine itself is lyophilized, allows it to be stored at 

negative temperatures (down to -20 °C) without changes in its 

efficacy. 

On the other hand, the diluent should always be stored 

between +2 °C and +8 °C. Usage of the yellow fever vaccine 

diluent at 37 °C may completely inactivate the vaccine virus.

After the reconstitution with the diluent, which is done prior 

to patient administration (even when stored from +2 °C to +8 

°C), the administration must be carried out within the next 6 

hours, and the vaccine may not be refrozen after it has been 

reconstituted.

Cold chain of vaccines

The yellow fever vaccine begins as a lyophilized (dry powder) 

stored prior to distribution at temperatures between -25 

°C and -15 °C in the Biomanguinhos warehouse. Once 

it leaves that facility, it must be protected with specially 

tested packaging, and monitored with temperature recording 

devices that meet the minimum standard for the Brazilian 

Health Ministry.

The yellow fever vaccine is distributed in both the lyophilized 

state and reconstituted into the suspended (or liquid) state. 

In the reconstituted state the vaccine must be held at 

temperatures between 2 °C and 8 °C. The national, state and 

regional health ministries are equipped with storage facilities 

for refrigerated vaccines (2 °C to 8 °C) and frozen vaccines 

(-25 °C to -15 °C).

The Brazilian National Immunization Program (PNI) is in 

alignment with recommendations from the WHO (World 

Health Organization) regarding the different measurement 

techniques for vaccines as the goods move through the cold 

chain until the end user.

Vaccine production plant in Rio de Janeiro, Brasil
Photographer: Bernardo Portella – Ascom/Bio-Manguinhos
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Measurement devices
Refrigerated 
chamber

Vaccine  
refrigerated chamber

Transport 
boxes

Daily use 
boxes

Digital thermometer with extended cable 
(min and max)  

Infrared themometer with laser sighting   

Data loggers    

Electronic freezer register    

Frozen indicator*    

The testo 184 G1 data logger is compliant with 

GxP and 21 CFR Part 11 with focus on transport, 

for the parameters temperature, humidity and 

shock. With a clear alarm indication and data 

reading in PDF format or with integration of data 

within a centralized testo Saveris database.
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Finally, microcracks at the primary package level may lead 

to microbiologic contamination, which is a potential risk for 

patient health. Within this approach, all transport data read 

with testo 184 G1 dataloggers for temperature and shock  

are uploaded at the receiving stations via USB port and 

then accessed at a centralized database, validatable and 

compliant with FDA 21 CFR part 11. The stationary loggers 

for the manufacturing laboratory, federal and state distribution 

instances can use the same centralized database or even VPN 

enabled database for the data storage. 
Measurement techniques differ depending on the transport 

route, which can be aquatic (sea/river), air or road, on the 

product volume and the condition of the transport channel. 

Road transport is being used widely since the area where the 

campaign is taking place is quite close to the manufacturer’s 

laboratory (Biomanguinhos).

When transporting vaccines by road, temperature is the main 

parameter monitored to ensure the vaccine’s efficacy. Testo 

transportation measuring devices measure temperature and 

shock (or G-forces). The shock data can be important for 

suspended (liquid) drug products because the shocks from 

transportation can break the molecules in transit, reducing 

their efficacy. Another issue caused by shock is that it may 

lead to leakage and product loss. 

Research and pharmaceutical production Temperature controlled storage Temperature controlled transport

*not needed for yellow fever vaccines

Testo Service is a toolbox containing different aspects 

that fits customer needs in relation to calibration, 

thermal mapping, qualification (DQ, IQ, OQ). 

Computer validation may be also offered in 

accordance to client needs. 

A special aspect is their requirement that all the devices must 

be regularly maintained and calibrated.
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testo Saveris  
Base    
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data loggers   

testo Saveris 2  
WiFi data loggers    

Transport and  
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testo 184 G1  
data loggers (shock 
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Software

testo Saveris 
21CFR software 
(for stationary data)

   

testo Saveris 
21CFR software  
(for transportation 
data)

      

Access of data 
from mobile device 
and web services

  

Alarms

 
Visual
SMS

e-mail

 
Visual
SMS

e-mail

 
Visual
SMS

e-mail

 
e-mail Visual, SMS, 

e-mail (visual 
and audible for 
testo 826 T2)

Database

Centralized local 
SQL database  

Private Cloud  
database   

Testo Cloud  
database  
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Conclusion

The yellow fever outbreak in Brazil poses the challenge to the 

manufacturing lab and health organization of being able to 

vaccinate millions of people in a short time frame before the 

virus enters in its urban form. The production and storage of 

both the lyophile and diluent at Biomanguinhos facilities in Rio 

de Janeiro has a strict quality assurance for the most critical 

environmental parameters. 

As the products move into the cold chain, to the population, 

monitoring parameters like temperature and shock are critical 

during transport for proper product efficacy and safety.

Testo can support these challenges with a full set of solutions 

for manufacturing, storage and transport with advanced 

alarming capabilities, plus integration of multiple sensors. 

The base for this solution is the testo Saveris software and 

the possibility of operating it in different database formats for 

data integration and management amongst the national and 

local centers of distribution .

The testo 184 G1 loggers can be used for the transport  

between storage sites in this cold chain network to monitor 

temperature and shock. A simple version called testo 184 T2 

can be added to final boxes at the vaccination stations. Yet 

another available option is to use an infrared thermometer for 

manual and instant spot measurements.

With its unique alarming and data capturing capabilities, the 

testo Saveris software system, in combination with integrated 

hardware from Testo, provides the user with all of the 

information across every step in the cold chain process in one 

place. This approach eliminates manual data collection from 

multiple sources of data. No longer will government or private 

employees spend hours collecting data from different systems 

to build end-to-end temperature reports by hand. No longer 

will critical information be missing. Many times, incidents 

occur where there is missing or incomplete data and the 

authorities must decide between a best guess or replacing the 

vaccines. With a fully integrated system the data will always 

be available.

A service that fits and supports this implementation can 

be offered by our team of experts in pharma requirements 

based in North America, with the aim of providing installation, 

calibration management, implementation, training, 

qualification services and also computer validation.

We showed how this approach can support vaccination 

campaigns worldwide at the same time saving resources and 

effort for health agents.
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About Fiocruz 

One of Fiocruz’s main missions is manufacturing strategic 

products for the Brazilian Unified Public Health System (SUS). 

With one of the largest public pharmaceutical laboratories in 

the country - the Drug Technology Institute (Farmanguinhos) 

- Fiocruz contributes nearly 40% of the drug purchased by 

the Ministry of Health from official laboratories, but accounts 

for only 5% of these expenditures. Farmanguinhos generates 

savings to the public coffers, especially because it masters 

production technologies for drugs used in AIDS treatment, 

allowing the government to regulate prices charged by other 

laboratories and even to determine compulsory licensing of 

medicines, as occurred with Efavirenz, an antiretroviral.

Fiocruz has also one of Brazil’s largest public laboratories for 

vaccine production: the Immunobiological Technology Insti-

tute (Biomanguinhos), which manufactured nearly 130 million 

doses in 2008. Biomanguinhos is the world’s largest manu-

facturer of the vaccine against yellow fever, and the only Latin 

American laboratory certified by the World Health Organiza-

tion (WHO) for this purpose. It also manufactures vaccines 

against polio, meningitis A and C, MMR, monovalent Hib and 

Hib+DTP. As of 2007, the latter started to be produced using 

100% Brazilian technology. In addition to vaccines, Bioman-

guinhos annually produces about six million reagents for 

diagnosis of HIV-1, HIV-1 / 2, Chagas’ disease, dengue fever, 

leishmaniasis and leptospirosis.
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About Testo

Testo is a world leader in the design, development, and manu-

facture of innovative products and services for environmental 

and industrial measurement. For more than 60 years, leading 

companies in the life sciences industries have relied on Testo to 

help protect their products.

Testo’s first product was a simple electronic thermometer. 

Today, the product line has expanded to include a large variety 

of critical measuring instruments, such as data loggers, air 

velocity meters, humidity and dew point meters, sound, pres-

sure, and light meters.

With over 2,700 employees in 33 offices worldwide, Testo 

understands local requirements and culture. Testo currently has 

hundreds of thousands of data loggers in the market, storing 

over 17 billion data sets.
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