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‘Combinations of Concern - CoC’

Python to automate 
an Analytical Risk Based Monitoring (AR) 

project identifying 
discrepancies across fields 

from a gov. open-source dataset 
of covid-19 vaccine registrations.



Some of covid vaccines containers used in Brazil
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Data dictionary -
columns (out of 32) allowing to identify a 

directly or indirectly a vaccine provider 
Colum nr - c_ Campo Description in English

13 Paciente_endereço_cep Subject’s declared residency Postal Code 5 dígitos

18 Estabelecimento_município_codigo Gov. IBGE code nr for where vaccine was applied

23 Vacina_categoria_code Population category code nr

24 Vacina_categoria_nome Population category label

25 Vacina_lote Vaccine batch nr

26 Vacina_fabricante_nome Vaccine manufacturer name

27 Vacina_fabricante_referencia Vaccine manufacturer official registration nr with BR gov.

28 Vacina_data_Aplicacao Date vaccine dose was applied

29 Vacina_descricao_dose Dose Description

30 Vacina_codigo Specific vaccine provider code

31 Vacina_nome Vaccine’s name

32 Sistema origem Original system used enter registration data 3



Combination of Concern - CoC
when the cross check of different fields 

from an individual register  (one register per dose) 
recorded in the federal OpenDataSUS dataset 

shows conflicting information 
impeding to confirm which vaccine an individual received.

CoC version 01
Up to CoC_07 (Nov 21)

CoC version 02
From CoC-08 (Jan 22)

c_26_manufacturer name c_25_vaccine_batch_number

c_30_vaccine_code c_30_vaccine_code

c_31_vaccine_name C_31_vaccine_name
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CoC version 01 up to Nov 2021

The most clear example of CoC was for a register showing

Up to CoC_07 (early Nov 2021) 
the overall proportion of CoCs per month 

was ~ 12% of all monthly registers

C26_manufacturer’s name C30_code and/or c31_name

AstraZeneca covid-19 vaccine
(Serum from India, 

manufacturer of the generic )

Sinovac/Coronavac
(from China).
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CoC 
version 02 
from mid 
January 2022

• CoC version 02 started with CoC_08, after the Brazilian Ministry of 
Health websites were restored from 'the hack' that lasted ‘from early 
Dec. 2021 to mid Jan. 2022’. 

• ‘following’ the 'hack', the government's teams ‘simplified’ column 26. 
The main problem is that we no longer could identify ’the true’ source 
vaccine manufacturer from the fields c26. 

• That obliged me to create a CoC version 2, focusing on c25_batch 
number and looking for information from sources outside OPDS 
dataset to be able to possibly identify the real manufacturer for each 
vaccine batch  in column 25 (c25).

• From there I created new column to be populated with coded flag 
alerts about the Combinations of Concern focused on the c25.
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LEFT ( LOCALIZAUS 23 Oct 22) – Total nr of applied doses per month per LOCALIZASUS VACINOMETRO
RIGHT (Historic of Google Collab IDE & Pandas & Python CoC monthly iterations) per OpenDataSUS
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Case Study Region

• Population:
• Brazil : 217,240,060 (7th)
• Santa Catarina(SC): 7,252,502

SC Area:
Total 95,730 km2(36,961 sq mi)

• Rank 20th
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https://en.wikipedia.org/wiki/Brazil
https://en.wikipedia.org/wiki/List_of_countries_and_dependencies_by_population
https://en.wikipedia.org/wiki/Santa_Catarina_(state)
https://en.wikipedia.org/wiki/List_of_Brazilian_states_by_area


Santa Catarina
295 counties

FIRST CHALLENGE

• IN – vaccine distribution by UDVE regionals

• OUT – vaccine application registration by PDR regionals
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Camboriu (left)
Itapema (right)

Some SC cities are very vertically clustered!!!
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Challenge 2: 
Identifying IN and OUT different terminology and nr of counties
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Challenge 3
DOSE INTERVALS 
PERMUTATIONS 

PER VACCINE 
MANUFACTURER, 

AGE & GROUP 
PRIORITY AND/OR 

VACCINE AVAIBILITY
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CHALLENGE 4 – ‘ONE BRAND’ FOR ‘MANY MANUFACTURER SOURCES’   
i.e. AstraZeneca

atualização 6 Jan 2022

atualização em 22 Feb 22
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https://www.bio.fiocruz.br/index.php/br/produtos/vacinas/informacoes-sobre-a-vacina-covid-19
https://www.bio.fiocruz.br/index.php/br/noticias/2813-fiocruz-libera-primeira-vacina-covid-19-nacional


CoC_v2_project Notebooks on 31 Oct 22

14



CoC_v2 - flags

The flags in this column follow my  Risk 
Based coding criteria about consistency 
between columns c25, c30 and c31. 

The cross checking of CoC_v2 with 
counties and UDVEs also serves as 
indicators to identify,  and monitor RBM’s 
QTLs (Quality Tolerance Limits)  

Table XX – CoC_v2_flag_codes 

CoC_v2 

 flag code 
“Color” code Rationale 

G Green 
‘c25_v_lote’ identification is correctly spelt AND ‘consistent’ with available data in columns 

‘c30’ and ‘c31’ 

LG Light Green 

‘c25_v_lote’ identification is ‘lightly misspelled’ (a zero instead O or vice-versa’. However 

cross checking with other sources suggests it matches a documented vaccine shipment 

AND/OR is ‘consistent’ with ‘c30’ or ‘c31’ 

Y Yellow 

Per original new dataset from 17 Jan 2022, the AztraZeneca brand is the only vaccine 

provider (out of the 4) that has now two different set of identification for the adult population 

over 18 yo.  

c30_v_codigo c31_v_nome 

85 ASTRAZENECA/FIOCRUZ - COVISHIELD 

89 ASTRAZENECA - ChAdOx1-S 

Despite conflicting information across some official government documents a more reliable 

one suggests that  

 

‘ChAdOx1’ would refer only to ‘ready-to-use’ AZ vaccines manufactured in Belgium and 

provided by the COVAX agreement 

 

‘COVISHIELD’ would refer to any of the other four sources (i.e.; ‘Ready to use Monodose 

seringe’ or 10 dose’ vials manufactured by Serum India, 10 doses vial produced from IFA 

delivered by Serum India, 5 or 10 dose vials manufactured in ??, etc,’ 

 

Code yellow is when review of fields c25, c30 and c31 suggest that there was a mix up 

between ‘ChAdOx1” and ‘COVISHIELD’ data entered in the register.  

R Red 

When we have a correct spelled or misspelt batch number that is a mismatch with the data 

in columns c30 and/or c31. In other words, batch number from one manufacturer coded with 

the vaccine code from another. 

U Unknown 

When the batch number is so badly misspelt to a point that we cannot match with any 

possible batch number AND & OR I could not identify a reliable source that could confirm 

the potential lot number AND & OR the batch numbers were too small to suggest that it was 

related to a real batch number 

UR U RED When we have names, phone or ID numbers that are clearly not batch numbers 

P_ALERTE Pediatric Alert 

Since Jan 22 and up to Oct 22 we have only two providers for pediatric vaccines against 

covid-19.  

c30_v_codigo c31_v_nome 

Over 

18 yo 

5 to 11 

yo 

Over 

18 yo 
5 to 11 yo 

86 98 
SINOVAC/BUTANTAN - 

CORONAVAC 
SINOVAC - CORONAVAC 

87 99 PFIZER - COMIRNATY 
PEDIÁTRICA - PFIZER 

COMIRNATY 

Back on Jan 2022 Pfizer started to also provide specific pediatric vaccines batches. For the 

Pediatric SINOVAC we still have a confusing picture. 

 

P_ALERTE is when my review shows that the batch number in c25 does not matches the 

c30 or c31 or c3 patient age. 
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UDVEs and CoC_v2_flags
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UDVE 13 (22 counties)  
and CoC_v2_flags
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Part II – Key learning 
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UNIDOSE Individuals with only one register so far - 'D1' or 'SINGLE_DOSE' or 'D2' or 'D3’ or ‘D4’ or ‘D5’ or 'UNK1' or UNK2 only

MULTIDOSE Individuals with more than one dose register ('D1' or 'SINGLE_DOSE' or 'D2' or 'D3’ or ‘D4’ or ‘D5’ or 'UNK1' or UNK2 only)

DUPLICATE Individuals from the group multidose who have a registration with a duplicated dose ('D1' or 'SINGLE_DOSE' or 'D2' or 'D3’ or ‘D4’ ….)



Part III key learnings – Big Cities are NOT ‘islands’. 
Nr of vaccine doses taken in Florianopolis (c18 = 420540) from residents, officially, from other cities & regions (c13)
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Part IV – Key 
learning –
Pediatric 

Population
SOMETHING IS 
NOT RIGHT IN 

FLORIANOPOLIS
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HEALTHCARE 
DATASETS 

COVID-19 
PANDEMIC ERA

AND 
NEAR FUTURE

The holes are 
getting much 

bigger.

Three potential causes increasing the ‘SWISS CHESSBERG’ effect 

• Healthcare staff reduction: 
• Global disruptions of Medical Supply and ‘Gold Standards’
• Short to medium term effect of Cyber-attacks: 

Please check AR02 paper’s Part IV for more details



Conclusions
Proof of Concept

• The simple triad, Google Collab IDE & Pandas and Python passed my ‘proof of concept’ as 
potential tools to be used for ClinOps managerial purposes for clinical trials.

• With discipline and collaboration from Regulatory and QA departments we can make them better 
suited for ICH & GCP & ALCOA+ requirements and therefore acceptable by regulatory authorities.

Did you said automate?

• ‘Python’s ecosystem to automate a Clinical Risk Based Monitoring..’. Did that happen? 

• The overall project code strategy must spot and warn about any dataset changes since last run.

• Triad Google Collab IDE & Pandas & Python allowed a ‘semi-automation and makes the code 
maintenance and replication from notebook or project iteration to the other much easier.

• THANK YOU FOR YOUR ATTENTION
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Dr Siddhartha Mukherjee 
in ‘Eric J. Topol. 

Emperor’s Mukherjee on ‘Three Laws of Medicine’. 
Medscape, Oct 12, 2015’

‘Interpretable Machine Learning –
A Brief History, State-of-the-Art and Challenges’

Christoph Molnar, Giuseppe and Bernd Bischl

‘The Science of Medicine 
tells us that 

uncertainty, imperfections, priors, outliers, and biases, 
are endemic. 

They are not going to go away today, 
tomorrow or 50 or 100 years from now. 

The sooner we instil these ideas 
in ourselves, and our patients, 

the more likely it is that we will have a much more 
collaborative effort to solve the major problems of 

human disease. 

We need to do that.’

‘…, ML models are usually 
not used in a static and isolated way, 

but 
are embedded in some process or product, 

and interact with people. 

A more dynamic and holistic view of the entire process, 
from data collection 

to the final consumption of the explained prediction 
is needed. 

This includes thinking 
how to explain predictions to individuals 

with diverse knowledge and backgrounds and
about the need of interpretability 

on the level of an institution or society in general. ‘
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